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CEREBROSPINAL FLUID RHINORRHGA IN 
CLOSED HEAD INJURIES 


By WALPOLE LEWIN, OxForp 


FraAcTuRES of the skull involving the paranasal air- 
sinuses may be accompanied by a tear of the under- 
lying dura mater and arachnoid with discharge of 
cerebrospinal fluid (C.S.F.) down the nose. The 
risk of intracranial infection developing in these 
circumstances is a very real one and one which has 
engaged the attention of surgeons for many years. 
Lawson (1934) stated that these cases were always 
fatal in the course of time from meningitis unless 
the leak could be stopped either by operation or 
natural healing. Before the days of chemotherapy, 
however, the risks of surgical repair were formidable 
and Taylor (1934) quoted a mortality-rate of 30 per 
cent following operation. 

Over the last twenty-five years the necessity of 
dural repair for all cases where the rhinorrhea 
continues for several weeks has been generally 
accepted. Dandy (1926) reported the first successful 
cure of cerebrospinal fluid rhinorrhcea, by applying 
a muscle stamp to the torn dura. Teachenor (1927) 
advised operation on all frontal sinus fractures and 
drainage of the sinus, and considered that if rhinor- 
rheea was present the dura should be repaired after 
exenteration of the sinus. Cairns (1937) advocated 
repair through a transfrontal approach for all cases 
of delayed rhinorrheea, and Dandy (1944) concluded 
that a cerebrospinal fluid fistula should not be left 
open for more than two weeks unless the fluid was 
unmistakably diminishing inamount. Calvert (1942) 
carried the problem a stage farther when he advised 
that, unless there were definite contra-indications on 
general grounds, operative repair should be carried 
out in all cases, including those in which the rhinor- 
rhea had ceased spontaneously. This conclusion 
was based on an analysis of 128 cases of paranasal 
sinus fractures, of which there were 21 with cerebro- 
spinal fluid rhinorrheea. He found that §0 per cent 
of patients with cerebrospinal fluid rhinorrhea 
developed meningitis. On the other hand, many 
surgeons consider that the dural tear usually heals 
naturally and that if the rhinorrhoea stops, a dural 
repair is not required. Thus, in a recent article, 
Adson and Uihlein (1949) state that cerebrospinal 
fluid rhinorrheea following fracture frequently ceases 
spontaneously and that it is wise to wait eight weeks 
before deciding on operation. 

The difficulty at operation of finding the dural 
tear and the limitations of radiology in demonstrating 
basal fractures of the skull have also favoured con- 
Servative treatment. Recent advances, however, 





have made these problems less formidable. Thus, 
Eden (1942) described two cases where dural repair 
had been successfully accomplished by an intradural 
approach, and it was soon realized that this method 
gave a better and quicker exposure of the anterior 
fossa than the older extradural approach. Advances 
in radiological technique by Davies (Calvert, 1942) 
and Johnson and Dutt (1947) have made it possible 
to demonstrate the fracture lines more accurately 
and to plan the operative approach accordingly. Of 
overriding importance, however, has been the effect 
of antibiotics. Not only has the use of the sulphon- 
amides and penicillin lessened the risk of intracranial 
infection during the acute stages after injury, but it 
has also effectively lowered the incidence of post- 
operative infection. Furthermore, it has saved many 
patients for dural repair who would otherwise have 
succumbed from their first attack of meningitis. 

In this paper a study has been made of 84 trau- 
matic cases of cerebrospinal rhinorrhea. The imme- 
diate and late results of treatment have been assessed 
in order to try to determine what are the risks of 
intracranial infection, whether the dural tear will 
heal effectively by natural repair, and if operative 
repair of the tear is a sound prophylactic measure. 

Not all paranasal fractures are associated with 
cerebrospinal fluid rhinorrhcea, even when the over- 
lying dura is torn. Others may develop aerocele or 
meningitis, without rhinorrhoea. However, cases 
with rhinorrhea form a precise clinical group which 
is conveniently considered separately. 


CASE MATERIAL 


A survey has been made of 308 cases of non- 
missile head injuries with fractures involving the 
paranasal air-sinuses admitted to the Military 
Hospital for Head Injuries and the Nuffield Depart- 
ment of Surgery, Oxford, between the years 1939 
and 1946. Of these, 84 developed cerebrospinal 
fluid rhinorrhoea. These latter are our primary 
concern, but the results of analysis of the whole 
series will be referred to frequently. These 84 cases 
comprise a selected group in that some patients were 
transferred to Oxford because of cerebrospinal fluid 
rhinorrheea or because meningitis had developed. 
Our policy was to advise operation in the majority 
of cases, but there is within the group a sufficient 
number of cases treated conservatively to enable a 
comparison of the results of the two methods of 
treatment to be made. 
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As described below, another and unselected 
series of head injuries has been used to estimate the 
incidence of paranasal sinus fracture and related 
symptoms after closed head injury. 


INCIDENCE OF CEREBROSPINAL FLUID 
RHINORRHGA 


The frequency of paranasal sinus fractures and 
cerebrospinal fluid rhinorrheea in closed head injuries 
has been estimated from an unselected series of head 
injuries admitted directly to the Accident Service of 
the Radcliffe Infirmary over the four years 1948 to 
1952. Of 1000 consecutive cases of non-missile 
head injury severe enough to be admitted to hospital, 
72 were found on X-ray examination or at autopsy 
to have a fracture involving the paranasal air-sinuses 
(7-2 per cent). Of these, 18 developed unequivocal 
cerebrospinal fluid rhinorrhoea, or nearly 2 per cent 
of the total. It is instructive to note the high 
mortality of these severe frontal injuries ; 15 of the 
72 patients died, 8 within twelve hours of the injury, 
and at autopsy dural tears in relation to the air- 
sinuses were present in 8 of the 15. Before death 
cerebrospinal fluid rhinorrhea had been observed 
in 5 of them and from the autopsy findings others 
might well have developed a leak had they survived 
the injury longer. 


RECOGNITION OF CEREBROSPINAL 
FLUID RHINORRHGA 


In the majority of cases the identification of the 
discharge as cerebrospinal fluid is easy. There is a 
history of head trauma, usually recent, although in 
some cases the accident may have been sustained 
months or years previously. With few exceptions 
(see Table III) a fracture involving the frontal, eth- 
moidal, or sphenoidal sinuses may be demonstrated 
on radiological examination. The character of the 
discharge is almost diagnostic; the fluid is water- 
clear and discharges in drops or occasionally in a 
stream from one or both nostrils, without causing 
excoriation within or outside the nose. The dis- 
charge may be accentuated by sudden movement, 
by dropping the head forward, or by straining ; the 
observer may increase the flow by compression of 
the jugular veins in the neck. At night time it may 
run out over the lips and soak the bed linen without 
however stiffening it. If the rhinorrheoea is profuse, 
the fluid may run down the back of the throat when 
the patient is lying down, causing him to swallow 
frequently ; and when he is asleep it may enter 
the larynx and awaken him with a fit of cough- 
ing. Characteristically the fluid has a salty taste. 
There is no nasal congestion or accompanying symp- 
tom or sign of upper respiratory infection or 
irritation. 

In many cases sufficient fluid may be collected 
either at once or over the space of some hours to 
test it chemically, when it will be found to be free 
from mucin and to contain sugar. Nasal secretions 
contain mucin but not sugar, so that the chemical 
test may be taken as the final proof of the identity 
of the fluid. The fluid should be examined soon 
after collection, since the sugar may ferment on 
standing. Other diagnostic tests have been em- 
ployed, such as the injection of methylene blue or 
indigocarmine into the lumbar theca or ventricle 
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and observing its escape from the nose. In a few 
cases we have used penicillin injected intrathecal] y 
as a tracer substance. Radio-active isotopes might 
be similarly employed. However, all these methods 
depend on samples of cerebrospinal fluid from the 
nose being readily available, and in these cases, 
when the rhinorrheea is abundant, the diagnosis is 
usually easy. Difficulties may be encountered when 
the discharge is insufficient for chemical analysis, or 
when in the early days after the injury it is blood- 
stained from subarachnoid or nasal bleeding. Never- 
theless, in practice a careful inquiry into the charac- 
teristics mentioned above usually enables one to be 
confident as to the nature of the discharge, and in 
fact a watery discharge following a paranasal sinus 
fracture proves in most cases to be cerebrospinal 
fluid. 

With these criteria, therefore, 73 of the 84 cases 


in this series have been listed as definite examples of 


cerebrospinal fluid rhinorrhea. In the remaining 
II we were sufficiently certain of the diagnosis to 
treat them as such, but have recorded them in this 
report as doubtful either because some other possible 
factor such as a cold had raised a doubt as to 
the character of the fluid, or because despite an 
exellent history from the patient, there was no cor- 
roborative evidence. All other doubtful cases were 
excluded. 

In retrospect it appears that one case of vaso- 
motor rhinitis was treated as a case of cerebrospinal 
fluid rhinorrheea. A second patient developed vaso- 
motor rhinitis some time after operation for a definite 
cerebrospinal rhinorrhea. This allergic rhinitis may 
on occasion cause confusion, although in these cases 
the attack is usually accompanied or preceded by 
irritative signs such as sneezing, lacrimation, or 
photophobia, and the discharge is nearly always 
bilateral. Further examination in these cases may 
show swelling and cedema of the nasal mucosa, the 
discharge is mucinous, and on microscopical examina- 
tion may be seen to contain eosinophil white cells. 
The discharge is usually profuse and in these circum- 
stances the use of an intrathecal tracer substance 
should clear up any diagnostic difficulties. 


THE NATURAL HISTORY OF 
CEREBROSPINAL FLUID RHINORRHGA 


1. Onset.—In the majority of cases the rhinor- 
rhoea begins within forty-eight hours of the accident, 
and Table I shows that this was so in 50 of our 
84 patients. The onset may be delayed, however, 


Table I.—ONSET OF C.S.F. RHINORRHGA 


Time after 


Accident Cases 
Within 48 hours 50 
3rd-7th day 7 
1-4 weeks 1s 
1-3 months 9 
At 1§ months I 
At 44 years I 
At 9 years (?) I 

84 


for weeks or months, and in 22 patients it began 
some time after the fourteenth day following injury. 
Rarely, however, does it begin later than three 
months after the accident, but we have 2 fully 
authenticated cases where the discharge began in 
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one fifteen months and in the other four and a half 
years after injury (Case 1). It should be noted that 
in only 7 patients in the series did the rhinorrhea 
begin between the third and seventh days, so that 
the majority of cases fall into one of two groups, 
rhinorrheea of early or of late onset. In a few cases 
the late onset is apparent rather than real, for a 
small leak in the early hours after injury may be 
easily missed. But in most cases the late onset is 
genuine. Presumably in many of them the arach- 
noid tear is sealed off initially by blood-clot or 
edematous, bruised, or lacerated brain tissue, or 
the nose is blocked by blood ; the delayed onset of 
rhinorrheea in these cases follows the absorption of 
the clot and brain pulp and the subsidence of the 
local eedema. Clearly there are other precipitating 
factors for a rhinorrhoea to begin months or years 
after the accident. Changes in intracranial pressure 
probably play a part in determining the onset of 
such a late rhinorrheea, for at operation in some of 
these cases brain tissue is seen plugging the hole 
into the air-sinus. In support of this contention is 
the history in some patients of the rhinorrhcea 
having followed a fit of coughing or sneezing ; 
and in one patient in this series the discharge 
began six weeks after injury, on the day after a 
jugular compression test in an attempt to elicit the 
sign. 

2. Duration.—In 31 cases the rhinorrhcea was 
arrested by operation and repair of the dura, par- 
ticularly in those cases where the rhinorrheea had 
been continued or was of late onset. Table II 


Table [1.—DURATION OF C.S.F. RHINORRHGA 


























ONSET AFTER i 
ACCIDENT DuRATION (Days) 
Cases 1-7 7-28 28 
Within 7 days §7 (19) 31 (8) 22 (9) 4 (2) 
7-14 days § (1) 3 (oO) 1 (0) 1 (1) 
After 14 days 22 (11) Ir (4) 5 (4) 6 (3) 
Total 84 (31) | 45 (12) | 28 (13) 11 (6) 








Figures in parentheses denote cases in which rhinorrhoea was 
stopped by dural repair. 


analyses the natural course of the rhinorrhoea in the 
remaining 53 cases ; it is seen that in well over half 
the cases the discharge ceased within a week of 
onset and that it was unusual for a rhinorrheea to 
continue for several months. The longest record 
in this series was eight months until death from 
meningitis; in the literature there are several 
accounts of cases where a rhinorrhea following 
injury has continued for years (Scheppegrell, 1898 ; 
Plum, 1931 ; Fribourg-Blanc, Lassalle, and Germain, 
1934; Adson and Uihlein, 1949). 

A rhinorrhea may stop temporarily for a few 
lays, but a definite recurrence is rare after pro- 
longed stoppage. Of 25 patients who did not have 
an operative repair, a true recurrent rhinorrhcea 
developed in only 2, after intervals of one month 
and two years respectively; 15 had a rhinorrhea 
for a few days, and 5 had it for ten to fourteen days, 
and in none of these was there evidence of recur- 
rence during the next three to six years ; one patient 
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continued for three months with an intermittent 
leak, which then ceased and did not recur although 
he developed meningitis a year later ; the remaining 
two cases are not considered further, since there 
was some doubt of the nature of the fluid. To 
what extent the natural cessation of rhinorrhcea may 
be taken to imply effective healing of a dural tear 
will be referred to below. 

The following case illustrates a cerebrospinal 
fluid rhinorrhoea of late onset—four and a half 
years—with recurrence two years later, complicated 
this time by meningitis. 


Case 1 (§8403/46).—This patient, aged 35 years, 
sustained a head injury with fracture of the skull in a 
car accident in November, 1939. He did not recover 
full consciousness for three days, but then improved 
steadily although he was off work for four months, mainly 
on account of intermittent headache. In 1943 he was 
called up for Army service and was on full duty as a 
driver. 

In April, 1944, four and a half years after the accident, 
there was for the first time cerebrospinal fluid rhinor- 
rhoea, which came on suddenly, was confined to the left 
side, and continued for three weeks. During this time 
it was a persistent leak, moistening his pillow at night 
and dripping down on to the paper when he bent down 
to read or write. Otherwise he was well except for a 
dull headache which had been persistent since the 
accident. The rhinorrhoea ceased, but in May, 1944, he 
suddenly had a series of epileptic fits and for this reason 
first came under our observation in June of that year. 
A vertical scar was present in the left frontal region and 
depression of the bone was palpable beneath this. 
Radiographs showed a lateral frontal fracture on the 
left side which involved both walls of the frontal sinus 
and then continued back along the orbital roof, lateral 
to the ethmoidal shelf, isolating a triangular area of bone 
over the orbital extension of the frontal sinus. The 
patient was discharged from the Army on account of his 
epilepsy. 

The patient returned to his civilian work as a plumber, 
and apart from occasional headaches remained well until 
April, 1946, when, following a cold, the cerebrospinal 
fluid rhinorrhcea recurred, which this time was followed 
by pneumococcal meningitis. This responded to anti- 
biotic treatment and the patient was later transferred 
to us. At operation in June, a bifrontal intradural 
exploration showed no abnormality on the right side, 
but on the left side the fracture in the roof of the left 
orbit was identified and a bony and dural defect 2-5 by 
o-§ cm., firmly plugged with brain tissue, led directly into 
the frontal sinus. A fascia lata repair was carried out. 
The patient made an uninterrupted convalescence and 
when last heard of two and a half years after the opera- 
tion was symptom-free and in full work. He had had 
no further epileptic attacks. 


3. Amount.—The daily amount of cerebro- 
spinal fluid may vary from a few drops to ounces. 
In some cases fluid may pour from the nose several 
cubic centimetres at a time whenever the patient 
bends forwards or hangs his head down. In one 
case in the series, an average of 3 oz. daily could be 
collected from the nose. Such profuse rhinorrhea, 
however, is not common and only 9 cases in this 
series have been listed as such. This includes all 
the five cases in this series where there was an iso- 
lated dural tear in relation to the sphenoidal sinus, 
the profuse rhinorrheea being related to the close 
proximity of the cisterna chiasmatica (Lewin and 
Cairns, 1951); in the other 4 cases large frontal 
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and ethmoidal tears were present. Profuse rhinor- 
rhea may also occur in association with an intra- 
cerebral aerocele which has ruptured into the 
ventricle. It has also been seen in the rare case 
where the dural tear is related to a fracture of the 
petrous bone, fluid escaping down the nose via the 
Eustachian tube (Ecker, 1947). 

4. Unilateral or Bilateral.—The rhinorrhea 
may be from one or both nostrils. A unilateral 
rhinorrhcea usually indicates accurately the side of 
the dural tear, but not necessarily so. In 2 cases of 
this series a left-sided rhinorrhcea was shown at 
operation to be due to a dural tear on the right side. 
In both these cases the main fracture was also on 
the side opposite the rhinorrheea. 


Case 2 (HN8174).—This patient, aged 22 years, was 
involved in a car accident on March 21, 1944, and sus- 
tained a head injury with a post-traumatic amnesia of 
five days. Radiographs of the skull showed a semi- 
circular frontal fracture extending down from the vertex 
to reach both supra-orbital ridges; on the right side 
both walls of the frontal sinus were fractured and the 
orbital roof comminuted, but on the left side only a very 
fine fissure could be seen involving the left frontal sinus. 
Unequivocal cerebrospinal fluid rhinorrhea began from 
the /eft nostril on the day after the accident and con- 
tinued for eleven days. 

At operation on April 21 a bifrontal intradural 
exploration was made. The dura on the left side was 
intact, but on the right there was a bony defect and a 
dural tear 2 by I cm. in diameter in relation to the 
orbital extension of the frontal sinus and the anterior 
ethmoidal cells. A tongue of brain tissue was herniated 
down through the defect. A fascial repair was performed. 
There had been no infective complications or recurrence 
of the rhinorrhcea when the patient was last heard of four 
years after the operation. 


A bilateral rhinorrhcea does not mean necessarily 
that there are bilateral dural tears. Of 17 cases of 
bilateral rhinorrheea, a bilateral exploration was per- 
formed in 14 and dural tears were found on both 
sides in 9, on one side in 4, and 1 exploration was 
negative. The remaining 3 patients had a unilateral 
exploration because radiological examination had 
shown that the main fracture lines were limited to 
one side; the late results in these 3 cases were 
satisfactory and there has been no recurrence of the 
rhinorrhoea or other complication. 

The explanation of the contralateral rhinorrhceas 
would seem to be associated fractures of the bony 
septum between the air-sinuses. At operation in 
one of these cases, a bilateral rhinorrhcea with a 
unilateral fracture was found to be due to a fracture 
of the frontal sinus septum, and a probe could be 
passed easily from one sinus to the other. A contra- 
lateral rhinorrhcea may also arise if the septum lies 
to one side and the fracture is near the middle line. 

It may be concluded that in cases where the 
fracture and the rhinorrhcea are on the same side, 
the dural tear will be found limited to that side also.* 
A bilateral rhinorrhoea usually requires a bilateral 





* This rule does not hold for rhinorrhea following 
missile wounds; in these cases tears are more often 
bilateral than after closed head injury, even when the 
rhinorrheea is unilateral. The need in these cases for 
bilateral rather than unilateral exploration is almost 
invariable. 
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exploration although tears may not be found on 
both sides. In the rare case, as cited above, where 
the rhinorrheea is on the side opposite the fracture, 
the side of the fracture must be explored. 

It should be observed that at some bilateral 
explorations an apparently identical tear on each 
side with brain tissue plugging the dural and bony 
gap has produced rhinorrhea on one side but not 
on the other. It is important to recognize this, for 
our experience indicates that intracranial infection 
may arise through either fracture and it emphasizes 
the need to decide the extent of the exploration 
required more from a study of the fracture lines 
than from the characteristics of the rhinorrheea. 

5. Aerocele.—Cerebrospinal fluid rhinorrhcea 
and intracranial air—either subdural, subarachnoid, 
ventricular, or intracerebral—are frequently associ- 
ated. Thus, of the total series of 308 patients, 
intracranial air was present in 24, and 16 of these 
had rhinorrheea as well. 

6. Orbital Cerebrospinal Fluid.—Occasion- 
ally in cases where the fracture line is in relation to 
the lateral ethmoidal cells, cerebrospinal fluid may 
track not down the nose but outwards into the 
orbital tissues, forming a fluctuant mass above and 
medial to the globe. There were 3 such cases in 
this series. 


Case 3 (HN1196).—This patient, aged 28 years, sus- 
tained a head injury in a car crash in April, 1941. She 
was unconscious for a few hours after the accident and 
had a laceration above the inner canthus of the left eye. 
This wound was sutured and at operation a crack was 
seen in the underlying bone. A large fluctuant swelling 
appeared over the left eye which on the third day after 
the accident and again on the fourth day was aspirated 
and found to be cerebrospinal fluid. The swelling then 
subsided. On review here in May, 1941, the patient was 
well, the swelling had gone, and there was no impairment 
of her sense of smell. There had been no cerebrospinal 
fluid leak down the nose at any time. Radiographs of 
the skull showed a depressed fracture of the left frontal 
region which involved both walls of the frontal sinus 
with comminution. 

It was decided in this patient not to undertake an 
operative repair and she was discharged back to duty. 
At follow-up over seven years later the patient was well, 
but mentioned that a few months earlier she had noticed 
a swelling over the old wound which came up for a few 
hours and then subsided. 


ASSOCIATED SYMPTOMS 


Anosmia.—In the series of 1000 consecutive 
cases of closed-head injury, disturbance of the sense 
of smell developed in 50 of those patients who sur- 
vived the injury,* an incidence of § per cent. This 
was commonest after frontal injuries (25 cases), the 
next common site being the occipital region (16 cases). 
The incidence was higher in those cases with frac- 
tures involving the paranasal sinuses, 22 of 57 such 
patients who recovered ‘having some defect of smell 
(38 per cent). Among the 84 cases of the rhinor- 
rhoea series it was even commoner and was present 
in 78 per cent. It varied from a slight impairment 
in one or both nostrils (hyposmia) to complete 
anosmia. 





* Seventy-one of these 1000 patients died, an inci 
dence of 7:1 per cent. It was only possible in a few 


instances to test the sense of smell in these patients. 
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Xnowledge of this sense may be helpful in diag- 
nosing the likely site of a dural tear in cases of 
rhinorrheea.* Thus in the rhinorrhoea series the 
sense of smell was always impaired in those patients 
in whom at operation an ethmoidal dural tear was 
demonstrated. By contrast, the operative findings 
in 8 patients in whom the sense of smell was normal 
pre-operatively, were that the dural tear was found 
behind the frontal sinus in §, in relation to the 
sphenoidal sinus in 2, and in the remaining patient 
no dural tear was found ; in only 1 of these frontal 
sinus tears did the dural tear extend into the anterior 
ethmoidal region, and in this case the rest of the 





Fic. 1.—A small dural tear produced by a bony spicule 
projecting upwards from the posterior end of an ethmoidal 
fracture. 


cribriform plate area was normal. However, there 
were also I1 patients with unilateral or bilateral 
anosmia who at operation were shown to have dural 
tears limited to the frontal sinus area. 

Anosmia, therefore, suggests that there has been 
damage in the ethmoidal region, although it does not 
necessarily imply a dural tear nor need the tear be 
in the ethmoidal region: but preservation of the 
sense of smell in conjunction with a fracture in the 
paranasal sinus region and cerebrospinal fluid rhinor- 
rheea implies that the dural tear is in relation to the 
frontal sinus or the sphenoidal sinus. 

Headache.—Severe headache, apart from that 
due to infective complications, was mentioned in 
15 per cent of the cases with rhinorrhoea, an inci- 
dence twice that of those cases with paranasal sinus 
fractures without rhinorrheea. No direct relationship 
to the characteristics of the rhinorrhoea was found, 
although it is perhaps more likely to occur with 
aerocele and with profuse or continued rhinorrhea. 
The possibility of aerocele should be borne in mind 
when throbbing headache develops suddenly with- 
out other symptoms. A dull continuous headache 
in a patient with continued rhinorrhoea may be due 
to a low pressure state resulting from the steady loss 





* It is, of course, essential to ensure that the airway 
in each nostril is clear. The wide individual variation 
n the appreciation of this sense and the possibility of 
inosmia having been present before the accident from 
ther causes have to be borne in mind. Where the 
njury has been predominantly facial, the olfactory path- 
vay may be damaged extracranially. 
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of cerebrospinal fluid. There was no instance 
in this series where an unequivocal discharge of 
cerebrospinal fluid resulted in relief of headache, 
although this is known to occur in some cases of 
‘ spontaneous’ rhinorrhcea which follow long-stand- 
ing increased intracranial pressure from tumour or 
hydrocephalus. 


THE DURAL TEAR AND NATURAL REPAIR 


Cerebrospinal fluid rhinorrhcea may result from 
a dural tear of any size varying from one a few 
millimetres across, through which a sleeve of arach- 
noid passes, to a complete disruption of the dura 





Fic. 2.—A_ large dural tear with comminution of the 
orbital roof and free communication with the orbital extension 


of the frontal sinus. An area of overlying scarred brain is 


also seen. 


covering the floor of the anterior fossa with tears 
several centimetres in length. Such major damage 
is seen with some of the severe comminuted de- 
pressed fractures. In nearly half the 55 cases 
operated on in this series the tear was about 2 cm. 
in length and in 16 cases the tear was larger than 
this. However, in 6 the tear was quite small and 
less than 5 mm. in diameter. In some cases the 
site of dural injury is very circumscribed and due 
to a bony spicule which has been turned up from the 
fracture line to penetrate the dura, as described by 
Johnson and Dutt (1947) (Fig. 1). It may be true 
that the bigger the tear the greater the chance of 
rhinorrheea, but it is more important to emphasize 
that a cerebrospinal fluid leak may follow quite a 
small tear. Thus, of these 6 cases with a small 
tear, 3 had rhinorrhcea which continued more than 
a week and 2 patients developed meningitis. Figs. 
2 and 3 illustrate the appearance at operation of a 
large tear and a small tear respectively. 

The extent of the underlying damage to the 
frontal lobes and its relationship to the dural tear, 
as seen at operation, varies considerably. The 
brain may be adherent along the fracture line by 
only a few strands of fibrous tissue ; but, where the 
brain damage has been severe, the whole under- 
surface and pole of the frontal lobe may be necrotic 
and adherent to the dura. In severe cases, as the 
dissection proceeds, numerous small cystic areas are 
entered in the adherent area; these contain either 
yellowish fluid or in some cases, particularly in those 
patients operated on in the early weeks after injury, 
liquefying brain which on first inspection resembles 





6 THE BRITISH 
pus and may well be mistaken for it unless one is 
familiar with this appearance. When the adherent 
brain is finally freed it often falls well away from the 
anterior fossa, thus providing evidence of the con- 
siderable damage which the inferior or ventral part 
of the frontal lobe has sustained. In these cases 
the subsequent repair is easy, as the whole anterior 
fossa is displayed to view. 
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ways by which the leakage is arrested. In a j>-w 
cases in which the cerebrospinal fluid rhinorrh rag 
has ceased spontaneously, we have found at ope a- 
tion indications of complete healing of a linear du-al 
tear. Probably this can only happen when there is 
no separation of the edges of the dural tear. Mc re 
often one of the following conditions is encountered : 
a brain fungus may fill a large bony defect into the 











Fic. 3.—A small dural tear, 3 mm. in diameter, in the posterior ethmoidal region which had resulted in C.S.F. rhinorrhea. An 
arachnoid sleeve was seen passing through the tear at operation and the repair of the defect with fascia is also shown. 


Where there is bone missing as a result of the 
fracture, the brain may herniate down into the 
defect and later become firmly adherent to the bony 
margins. These herniations are seen most fre- 
quently in the ethmoidal region, and the smooth 
rounded appearance of some of these defects suggests 
that the brain fungus not only shapes the defect 
but may possibly enlarge it, the pulsations gradually 
eroding the thin margins of an ethmoidal defect 
(Fig. 4). In cases operated on years after the head 
injury it is unusual to find herniated brain tissue, 
but then there are often lakes of cerebrospinal fluid 
with numerous arachnoidal and vascular adhesions, 
suggesting the vascular pia-arachnoidal remains of 
herniated brain cortex. 

Natural Repair.—The rhinorrhcea stops spon- 
taneously in many cases and observations at opera- 
tion where this has happened show some of the 





air-sinuses and thus prevent escape of cerebrospinal 
fluid; or the subarachnoid spaces adjacent to the 
fracture line may become obliterated and at operation 
one sees a few fibrous and vascular strands binding 


the arachnoid to the fracture line with the edges of 


the dural tear adherent to the bony margins ; or the 
sinus mucosa may grow across the fracture line and 
become adherent to the dural margins or to brain 
tissue. By none of these ways can the repair be 
considered effective; there is no fibrous barrier 
which will prevent ingress of infection from the 
nose. In some cases one does see a complete sheet 
of fibrous tissue across the fracture site, but this is 
usually quite thin and easily penetrated by the 
forceps ; whether this is an adequate barrier against 
bacterial infection is difficult to know, but the 
evidence from other cases, in which meningitis has 
developed without a complete dural tear but after 











pru:'sif 
that it 

Fa 
which 
some ¢ 
do nc 
hernia 
healin; 





FIG 


grow: 
to the 
acros 
¥ 
throu 
altho 
reme 
fluid 
tomy 
smal! 
expk 
aract 
A 
enlat 
brair 
dem: 
of t 
tears 
som 
suge 
sinu 
clini 
to tl 
behi 
ope! 
tear 
effec 
with 


( 
invo 
seve 
fron 
ollc 
righ 
sere 
whe 
shor 


regi 
the 
27! 











h ea 
ie “a- 
ural 
re is 
Acre 


the 


al 
he 


1g 
of 
1e 
id 


e 
-r 


t 
is 
e 
st 
e 
iS 
T 














pru'sing or partial shredding of the dura, suggests 
that it is unreliable. 

Factors influencing Healing.—These ways by 
which a temporary seal is obtained indicate perhaps 
some of the reasons why dural tears in this situation 
do not always heal effectively. If brain tissue 


herniates down through the tear it will prevent 
healing of the tear ; 


or the sinus mucosa, which 








Fic. 4.—Operative appearances of a brain herniation through 
a large ethmoidal bony defect. 


grows more quickly, may close the gap and adhere 
to the brain and arachnoid before the dura has grown 
across. 

Whether the passage of cerebrospinal fluid 
through the tear also delays healing is debatable, 
although a profuse leak may well do so. It may be 
remembered that a large collection of cerebrospinal 
fluid may form in the scalp tissues, or after a laminec- 
tomy between the spinal muscles, following quite 
small punctures of the dura, and at subsequent 
exploration the communication with the main sub- 
arachnoid space can usually still be determined. 

Another factor preventing healing may be the 
enlargement of the fracture line by the pulsating 
brain. The same phenomenon can sometimes be 
demonstrated radiologically in children with fractures 
of the vault and underlying dural and arachnoid 
tears. Certainly the appearance at operation of 
some of the bony defects in the ethmoidal region 
suggests that something similar may occur in the 
sinus fractures. This may be the explanation of our 
clinical impression that dural tears in relationship 
to the ethmoidal region do not heal as well as those 
behind the frontal sinus. Thus in one patient 
operated on five months after injury, a large dural 
tear behind the frontal sinus had apparently healed 
effectively but the ethmoidal tear looked quite fresh, 
without evidence of repair. 


Case 4 (HN4720).—This patient, aged 34 years, was 
involved in a lorry accident in July, 1942, and received a 
severe head injury with a depressed fracture of the left 
frontal bone involving the air-sinus. He had an amnesia 
ollowing the accident of seven days. For the first fort- 
light after the injury there was a history of bilateral 
serebrospinal rhinorrhoea, but careful radiological study 
when he came under our observation in November, 1942, 
showed that the fractures were confined to the left side. 

At operation in December, 1942, the left frontal 
region was explored extradurally. At one point behind 
the depressed bone there was a bony defect 1-25 cm. by 
275 cm. in diameter leading into the frontal sinus, and 
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the dura was adherent to the mucosa of the frontal sinus 
and the pericranium. This was separated, and although 
there was no actual tear present, it was demonstrated 
that only a thin layer of scar tissue intervened between 
the subarachnoid space and the hole in the frontal sinus. 
Farther back in the anterior ethmoidal region, however, 
there was an obvious tear 1 cm. long in relation to a 
fracture line which ran back from the area of depressed 
bone towards the cribriform area, and through which 
cerebrospinal fluid escaped freely; here there was no 
evidence of healing. The defects were repaired with 
fascia lata, and rib grafts used to build up the depressed 
area of bone. 

He reported over five years after the operation that 
he had continued to suffer from headaches but was 
otherwise well and on full work as a driver. There had 
been no other complications. 


It might be supposed that the response to infec- 
tion would result in a fibrous tissue reaction sufficient 
to form an effective barrier in the future. This is 
not so. There are several patients in this series 
who had repeated attacks of meningitis. At opera- 
tion after an attack of meningitis it was surprising to 
see what little local reaction there was. Only in 
cases of linear tears, or where there had been an 
intracerebral abscess or very extensive frontal lobe 
damage have we seen at subsequent operation a 
resulting tissue reaction which as far as could be 
judged was sufficient to provide an adequate barrier. 
But there was also one case in which at operation a 
cerebral abscess was found firmly adherent to the 
ethmoidal region but just lateral to it there was an 
obvious patent dural tear. 

The Inefficacy of Natural Repair.—The onset 
of a late rhinorrhoea is adequate evidence that an 
obvious communication still exists, and few surgeons 
nowadays would hesitate to advise operative repair 
in such cases. On the other hand, when the rhinor- 
rheea is of early onset and brief duration the position 
is not so certain. Can this be said to indicate effec- 
tive healing? In this series there were 16 patients 
in whom the discharge of cerebrospinal fluid, which 
was noticed on the first day, had ceased spontaneously 
within forty-eight hours in 13, and within three 
days in 3. Of these, 8 subsequently had a dural 
repair operation. At operation all had obvious 
tears and, as far as one could see, in all save one 
there was free communication with the air-sinuses ; 
in the exception the dura was adherent to the orbital 
fascia, which in this instance may have provided an 
effective repair. The late results of these cases have 
shown no subsequent rhinorrheea or infective com- 
plications. By contrast, the other 8 patients were 
treated conservatively and did not have a dural 
repair. Although 3 of these patients died of 
unrelated causes within the period of follow-up, of 
the remainder, 1 developed a cerebral abscess and 
meningitis five weeks after the accident and subse- 
quently died in status epilepticus two and a half 
years later, and 1 developed a fatal pneumococcal 
meningitis eighteen months after the accident. 
These findings afford no justification for the assump- 
tion that a mild rhinorrhoea of early onset and brief 
duration implies effective healing of the tear. 

The evidence from this series suggests that 
although natural repair is sometimes effective, heal- 
ing is often imperfect, and that once there is a dural 
and arachnoid tear in relation to the air-sinuses there 
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is in most cases a real risk of intracranial infection 
developing even though the rhinorrhcea may have 
ceased months or years previously. 


THE FRACTURE 
Cerebrospinal rhinorrhceea may follow any type 
of fracture involving the paranasal sinuses, varying 
from the finest crack just visible on radiograph to 





Fic. 5.—Fine latera frontal fissure involving the frontal 


sinus. In this case meningitis developed within forty-eight 
hours of the injury. 


extensive comminution and depression of the whole 
frontal region. In other cases the main fractures 
involve the upper and lower jaws only and the skull 
may appear intact radiologically. In a few cases of 
undoubted rhinorrhoea no evidence of a fracture can 
be seen on radiological examination and yet there is 
a local fracture which has resulted in a dural tear. 
However, depending on the site where the main 
force of the injury is taken and by study of the 
radiographs it is possible to divide the cases into 
five groups according to fracture site, and Table III 


Table III.—SKULL FRACTURE WITH C.S.F. RHINORRHGA 


Lateral frontal 40 
Central 30 
Orbital 6 
Facial 


No fracture found 3 


84 cases 


shows such a division in this series. The site of the 
dural tear varies with the site of fracture, and the 
operation findings in this series have been analysed 
accordingly. 

A full radiological study of paranasal sinus frac- 
tures calls for special techniques and a co-operative 
patient. We do not attempt a full examination 
during the acute stage of the head injury when the 
patients are often not fit to stand a prolonged radio- 
logical examination and are, moreover, unco- 
operative, but prefer to take only the routine views 
sufficient to decide on immediate management and 
wait until later for the special orbital and ethmoidal 
views. An added advantage of waiting a few days 
is that by then the blood in the sinuses will have 
cleared and the fracture lines will be more obvious. 
The technical details have been described by Calvert 
(1942) and Johnson and Dutt (1947). The views 
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usually employed are anteroposterior, poste: o- 
anterior, vertico-mental, right and left lateral, right 
and left orbital, and oblique fronto-ethmoidal pro- 
jections. Other special views and _ stereoscopic 
radiographs may also be required to trace as far as 
possible the full extent of the fracture. Tue 
importance ofthis study cannot be over-emphasized, for 
as has already been indicated, if operation is proposed 





Fic. 6.—Lateral frontal fracture, the fissure widening as it 
descends to involve the frontal and ethmoidal sinuses. 


the extent of the exploration required is largely 
dependent on the interpretation of the radiographs. 

1. Lateral Frontal (40 Cases).—This is the 
commonest type of fracture and results from a blow 
taken just to one side of the head. The fracture 
runs in the frontal bone downwards and medially to 
involve the lateral part of the frontal sinus on one 
side. At the upper margin of the sinus it com- 
monly splits into two, one limb running down the 
anterior wall and the other down the posterior wall 
of the sinus. The size of the fracture may vary 
from a very fine crack (8 cases) (Fig. 5), to a definite 
crack which in some widens as it descends, to open 
into a definite gap in the bone in the anterior eth- 
moidal region (15 cases) (Fig. 6). In others there 
is in addition some depression of the fracture line 
and a spicule of bone may be displaced backwards 
or upwards into the brain (17 cases). A common 
type of depressed fracture is a triangular one, one 
limb running in the direction described and the 
other limb of the fracture running downwards and 
outwards to the temporal region; the fronto- 
zygomatic suture line is splayed and the plate 
fracture completed by a crack or comminution of 
the orbital roof (Fig. 7). 

Facial fractures were present in only 9 of these 
cases ; the zygoma in 7,.and the maxilla in 2. 

In this group the common site for the dural tear 
was behind the frontal sinus just where the frontal 
and orbital extensions meet. Whether the tear was 
in relation to the orbital extension of the frontal 
sinus or a large anterior ethmoidal cell was not of 
course always easy to distinguish. The operative 
findings in 27 cases were as follows: in 19 the tear 
was behind the frontal sinus, confined to it in 10, 
over the ethmoids as well, either by a continuous 
tear or a separate one in 8, and the sphenoidal 
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ai: -sinus in 1; in 6 cases the tears were confined to 
th. ethmoid region including the sphenoidal air-sinus 
in I; im 2 cases no actual tear was demonstrated 
bu: local adhesions were present indicating the site 
of damage and an attempt at healing. In all, 8 cases 
had multiple dural tears. It is interesting to note 
that 14 of the 27 explorations were bilateral either 
on account of fracture lines seen on the opposite 
side in the radiograph or anomalies in the side of 





Fic. 7.—* Plate’ fracture of the lateral frontal region with slight depression. 
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produce a complete fracture encircling the whole 
paranasal sinus region. 
central group to find a high incidence of associated 
facial fractures, usually maxillary ; they were present 
in 7 of the 17 high central cases and 8 of the 13 low 
central cases. 


It is not surprising in this 





The frontozygomatic suture is sprung and the 


fracture completed across the orbital roof, as shown in the orbital view. 


the rhinorrheea already referred to. In only 4, 
however, were tears found on the side opposite the 
main fracture, and a further case showed evidence of 
a healed tear. 

2. Central (30 Cases.)—In this group the blow 
is taken head-on and the frontal sinus region is 
directly comminuted or fracture lines run down from 





Twenty-three cases were explored and as might 
be expected, in contrast to the lateral frontal frac- 
tures, multiple dural tears were common (1§ cases) 
and the exploration was bilateral in all but 3. Dural 
damage was confined to the frontal sinus region in 
only 8, the ethmoidal region being the principal site 
of injury. Dural tears were found on both sides in 





Fic. 8.—Central frontal fracture above the sinus evel with fissures running down to involve the sinus area on both sides. 
The main central encircling fracture about 1 cm. above the sinus level is well shown in the lateral view. 


he vertex to involve the sinus area, usually on both 
sides. We could distinguish 17 cases where the 
sinuses were implicated by fractures extending from 
the vertex (Fig. 8) and 13 where the injury was 
taken lower down and the glabellar region and sinus 
walls comminuted (Fig. 9). In several cases the 
fracture lines ran back along the ethmoidal region to 





16 out of 20 bilateral explorations ; in 2 one side 
was quite normal, and in 2 others there was no 
actual tear but evidence of healing. A tear over the 
sphenoidal air-sinus was present in 1. One case had 
three separate tears. 

3. Orbital (6 Cases.)—Here the injury is taken 
well on the side of the head either over the eye with 
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a fracture running backwards and medially across 
the roof of the orbit to involve the ethmoid cells, or 
the orbital extension of the frontal sinus (4 cases) 
(Fig. 10); or in the temporal fossa, a fracture 
running from here across the orbital roof to involve 
the ethmoidal or sphenoidal sinus without damage 
to the frontal sinus (2 cases). 

4. Facial (5 Cases.)—A severe facial fracture 
with deformity may also comminute the cribriform 
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the patient was well four years later. In 2 of tie 
other cases operation was performed and a dural 
tear demonstrated over the sphenoidal sinus in o:e 
and over both ethmoidal regions in the other. 
Cerebrospinal Fluid Rhinorrhea without 
Demonstrable Fracture (3 Cases.)—In 3 cascs 
no fracture involving the paranasal sinus region could 
be demonstrated radiologically. Two of the patients 
had sustained frontal injuries, as judged by cuts over 


Fic. 9.—Low central frontal fracture, the blow being taken directly over the sinus area. 





Fic. 10.—Lateral frontal fracture lateral to the frontal sinus, but the ethmoid sinuses are implicated by fracture 
running across the roof of the orbit. 


plate area with associated dural tearing and cerebro- 
spinal fluid rhinorrhcea. This possibility and its 
implications are of particular interest to the maxillo- 
facial specialist, for radiography of the skull shows 
no evidence of fracture above the level of the glabella, 
and it may be difficult to recognize the rhinorrhcea 
in the presence of the severe nose-bleeding and the 
soft-tissue damage which may accompany these 
cases. 

In these 5 cases the bony injury seemed entirely 
facial on X-ray examination. In 4 the nose, maxilla, 
and zygoma were fractured, the fronto-nasal junction 
being opened. In the fifth case the bony injury 
appeared confined to the nose and no extension into 
the air-sinuses could be demonstrated. This patient 
had undoubted cerebrospinal rhinorrheea for ten days 
which then ceased ; no operation was performed and 


the nose. Exploration was carried out in both. In 
one, no tear was found; in the other a small tear 
was found which admitted a probe into the ethmoid 
sinus. 


Case § (HN12362).—This patient, aged 27 years, was 
injured in September, 1945, when a petrol drum exploded. 
He received a head injury with small cuts over the root 
of the nose and left cheek. He had a post-traumatic 
amnesia of four days. On the fifth day left-sided cere- 
brospinal fluid rhinorrhea began and continued for a 
fortnight. There was bilateral anosmia. He had frac- 
tured his nose many years previously, but a full radio- 
logical study on this occasion failed to demonstrate any 
fracture of the skull or facial bones. 

At operation a month after the injury, a bilateral 
intradural exploration was made. The cribriform plates 
were deeply concave. On the right side no abnormality 
was found. On the left side, however, there were 
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aciesions between the dura and the left frontal pole and 
ju.t behind the adhesions was a small dural tear which 
just admitted a probe into an ethmoidal air-cell beneath. 
Farther back in the cribriform area was a cleft 1-5 cm. 
long where the dura looked deficient although no definite 
bony defect could be demonstrated. The hole and the 
doubtful area behind this were covered with fibrin foam 
and over this a sheet of fascia lata was laid. 

Four and a half years later the patient was working 
as a postman, although suffering from frequent head- 
aches and occasional giddiness. There had been no 
other complications. 


This case demonstrates the possibility that cere- 
brospinal fluid rhinorrhea may result from a small 
dural tear with an underlying defect in the bone 
which cannot be detected radiologically. This, for 
obvious reasons, is most likely to occur in the cribri- 
form area where radiographic interpretation is not 
easy. These cases are analogous to the spontaneous 
rhinorrheeas which sometimes result from small 
defects in the cribriform area secondary to long- 
standing intracranial pressure from a cerebral tumour 
or hydrocephalus. 

The third case is the only example in this series 
of a cerebrospinal fluid rhinorrhea following an 
indirect injury from a fall on the back of the head. 
Defects of smell resulting from occipital injuries are 
well known (Leigh, 1943), and are due probably to 
the olfactory filaments being torn from their entrance 
at the cribriform foramina. It is possible, therefore, 
that the local damage might result in cerebrospinal 
fluid rhinorrheea. This is rare, and although in the 
following case we have not actual proof that the 
discharge was cerebrospinal fluid, the history and 
the anosmia make it very likely. The case is des- 
cribed to call attention to the possibility. 


Case 6 (HN12476).—This young man of 24 years 
was injured in March, 1944, when he fell down and 
struck the back of his head. He was unconscious for a 
few minutes, but thereafter made a rapid recovery except 
that following this accident he had bilateral anosmia. 
In June, 1945, however, he suddenly had a discharge of 
clear fluid from his nose; it came in drops, and he 
estimated that about a tablespoonful escaped. The dis- 
charge was followed by giddiness and headache. He 
reported sick and came under our observation in October, 
by which time he had had three further attacks. 
He had no further attacks whilst in hospital and we 
were unable to induce one, but the history was very 
Suggestive of cerebrospinal fluid rhinorrhea and the 
presence of anosmia raised the likelihood of an injury in 
the ethmoidal region. A full radiological study, however, 
showed no evidence of fracture, and it was decided not 
to explore the anterior fossa. 

The patient returned to his unit and in March, 1949, 
five years after the accident, reported that he was well, 
was back in his old job as a piano-tuner, and had had no 
further discharge from his nose. 


THE RISK OF INTRACRANIAL 
INFECTION 


The risk of infection supervening in the presence 
f cerebrospinal fluid rhinorrhoea cannot be accur- 
itely assessed from this series where, as mentioned 
sarlier, operative repair of the defect was advised in 
he majority of the patients as a prophylactic measure ; 
further, some patients were admitted for treatment 
of a meningitis or were transferred for a dural 
repair because of a previous attack. Nevertheless, 
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the late results of the cases in this series treated 
conservatively are very significant. Thus, of 26 un- 
operated cases of cerebrospinal fluid rhinorrhcea 
(which include 8 cases where some doubt was 
expressed as to the veracity of the leak) no less than 
6 patients developed meningitis within the period of 
follow-up (three to nine years), of whom 4 died, 
a morbidity of 24 per cent and mortality of 16 per 
cent. It is safe to assume that had such a con- 
servative policy been applied to the whole series, 
then the incidence would have been considerably 
higher. Two patients had more than one attack of 
meningitis ; the following case record illustrates the 
risks that are run. 


Case 7 (HNog12).—This sergeant, aged 35 years, was 
injured in March, 1941, when the building he was in 
collapsed following the explosion of a land-mine nearby. 
He was asleep at the time and woke up with the wreckage 
around him. By the morning he had some headache 
and went to hospital, where soon after admission he lost 
consciousness for three days. He had a small wound 
above the left eye, which was sutured, and swelling of 
the right eye. A month after this accident he was getting 
up, but the right eye had remained swollen, and now on 
opening the lids there was a copious discharge of cerebro- 
spinal fluid. 

In May, 1941, he was transferred to the Military 
Hospital for Head Injuries for review. Radiographs 
showed an extensive bifrontal fracture involving the walls 
of both frontal sinuses, with comminution of the roof 
of the right orbit where one large fragment of bone was 
displaced and projected upwards into the brain. He 
had also fractured his nasal bones, which were impacted. 
Operation was considered but rejected at that time as the 
patient was making a good convalescence and was 
rather apprehensive. 

The patient returned to his unit at the beginning of 
Tune, 1941. He remained well for a year, and then in 

uly, 1942, had a sudden attack of meningitis. The 
patient was treated with sulphonamides and made a good 
recovery. We have no information of the causative 
organism at that time. It seems that he then remained 
well until January, 1943, when he had his second attack 
of meningitis. This was pneumococcal in origin and 
was heralded by an epileptic fit. Initially he improved 
on sulphonamides, but on Feb. 7 he relapsed, and 
died eleven days later. 

At autopsy there were large bony defects over the 
orbital extension of the frontal sinus and the ethmoidal 
cells on both sides, and a third defect in the roof of the 
sphenoidal air-sinus. The dura was missing in these 
sites and the frontal lobes were adherent on both sides 
to the bone. Meningitis was present and abscesses were 
found in both frontal lobes just above their attachments 
to the anterior fossa. 


Of the 84 patients with cerebrospinal fluid rhinor- 
rhea, 16 developed meningitis at some stage, of 
whom 6 died. One patient in addition to the 
meningitis had a cerebral abscess in the frontal lobe, 
and one case at autopsy showed an extradural abscess 
in the ethmoidal region in addition to the meningitis. 
In the majority of cases, however, the intracranial 
infection is an uncomplicated pyogenic meningitis. 

Bacteriology.—Of the 42 cases of intracranial 
infection in the total series of paranasal sinus frac- 
tures, 20 were due to pneumococci, 4 to Staphylo- 
coccus albus, and 2 to streptococci. In 9 all cultures 
of the cerebrospinal fluid were sterile; and in the 
remaining cases the information is incomplete. 
Those cases in which the cerebrospinal fluid was 
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sterile on culture may be explained in part by the 
practice of early administration of antibiotics. 
Onset.—Table IV shows the time of onset of 
infection in relation to the accident in the total series 
of paranasal sinus fractures with or without rhinor- 
rheea. In 73 per cent of cases the infection occurred 


Table IV.— ONSET OF INTRACRANIAL INFECTION IN 
PARANASAL SINUS FRACTURES (308 CASES) 


Time after With Without 
Accident Rhinorrhea  Rhinorrhea Total 
Within 1 week 4 6 10 
1-4 weeks I 6 7 
I-3 months 3 7 10 
3-12 months 2 I 3 
I-3 years 2 I 3 
5-10 years I 3 4 
13 24 37* 


* Of these, 2 had cerebral abscess without meningitis and 
5 cerebral abscess with meningitis. (Five cases of post- 
operative infection excluded.) 


within three months of the accident and this period 
is undoubtedly the most dangerous for the onset of 
infection and for the development of cerebrospinal 
fluid rhinorrhoea (q.v.). Yet it is salutary to note 
that infection may develop months or years after the 
accident, even up to ten years or more.* 

Precipitating Factors.—lIn 7 of the 16 patients 
with cerebrospinal rhinorrhcea who developed men- 
ingitis, no definite precipitating cause could be found 
and it is worth emphasizing the sudden and un- 
heralded way in which infection may develop in 
nearly half the cases. The details of the other 
9 patients call for further comment. 

1. Upper Respiratory Infection.—Despite the uni- 
versal frequency of upper respiratory infections, in 
only 2 of these patients did a definite cold or sinu- 
sitis precede the meningitis. Some patients had had 
several colds without any suspicion of intracranial 
infection. The fact that streptococci were respons- 
ible for only two infections in the whole series also 
reflects the infrequency of what one would have 
expected to be a common causal relationship. 

2. Infected Wound.—lIn one case an infected scalp 
wound was considered the predisposing cause of the 
meningitis, and at subsequent operation for dural 
repair hairs were found in the depths of the wound 
and the surrounding bone showed evidence of 
previous infection. Further, in the 2 cases where 
meningitis immediately followed the operation for 
dural repair (Case 10), both patients underwent 
operation because their rhinorrhoea had continued 
and local infection was present. Both these latter 
cases occurred in the days before antibiotics, when 
in these circumstances the risks of flaring up an 
intracranial infection by operation had to be weighed 
against the chances of a sudden overwhelming 
meningitis developing. 

3. Manipulation of Facial Fractures.—In 2 patients 
meningitis followed manipulation and splinting of 
maxillary fractures. The correct management of 





* Since this report was completed we have treated a 
further patient of this series who developed pneumo- 
coccal meningitis twelve and a half years after a paranasal 
sinus fracture complicated by an aerocele, but without 
rhinorrhea. No operation was done at that time. 
A large dural tear was found at recent operation. 


JOURNAL OF 


SURGERY 


such cases with cerebrospinal fluid rhinorrhea js 
still a matter of opinion. The common observaticn 
that correction of the facial fracture may result n 
cessation of the rhinorrheea is often invoked as a 
reason for early reduction, yet it is perhaps not so 
much the bony realinement that is responsible, but 
the local cedema and blood-clot resulting from the 
manipulation which provides a seal. It is not pro- 
posed to discuss these cases in further detail, but 
along general lines it is suggested that whereas 
fixation of a ‘ floating’ maxilla should entail little 
risk, disimpaction of a maxillary fracture in the 
presence of rhinorrhcea may be followed by intra- 
cranial infection, and if this policy is adopted these 
operations should be conducted under full antibiotic 
cover. 

4. Nasal Examination.—In one case of this series 
fatal meningitis followed the day after a nasal 
examination which included cocainization of the nose. 
Such examinations, and the use of nasal packs, should 
be discouraged as far as is possible in the presence of 
cerebrospinal fluid rhinorrhea. 

5. Lumbar Puncture.—In one patient meningitis 
developed thirty hours after a routine lumbar punc- 
ture at which the cerebrospinal fluid was normal. 
At subsequent operation a large hole in the ethmoid 
region was found plugged with herniated brain, and 
it was felt quite likely that the pressure changes 
resulting from the lumbar puncture might well have 
been sufficient to open up an avenue for infection. 
One cannot be sure of this, but it has seemed wiser, 
if possible, to avoid lumbar puncture in patients 
with paranasal sinus fractures. 

Relation to Cerebrospinal Fluid Rhinor- 
rhoea.—No definite relationship of the time of onset 
of the meningitis to the time of onset of the rhinor- 
rhea was found. In 4 patients meningitis super- 
vened within twenty-four hours of the cerebrospinal 
fluid leak beginning, and in 4 others it developed 
later whilst the leak still continued. In 6 other 
patients the meningitis came on some time after the 
rhinorrhoea had ceased. In only 1 case did the 
advent of infection stop the leak, and in only 1 patient 
did the rhinorrhoea begin for the first time after the 
onset of meningitis (on the third day). 


PROPHYLAXIS 


It is our practice to isolate all patients with 
cerebrospinal fluid rhinorrheea either by nursing in a 
separate room or, where this is not possible, behind 
screens in a general ward. In either event masks 
are worn by all attendants. Sulphonamide by mouth 
(usually sulphadiazine) is given whilst the leak 
continues ; this would seem to be a better prophy- 
lactic measure against meningitis than a systemic 
course of penicillin, although frequently both are 
given when there are scalp wounds or infection else- 
where. The patient is warned not to blow his nose 
vigorously and in the acute stage he is advised against 
it completely, any discharge being mopped away. 
Should the patient contract a cold during the first 
year after the accident, and particularly if there 
has been no dural repair, he is advised to take it 
more seriously than it would seem to warrant and 
to rest in bed during the acute phase. A short 
course of sulphonamide at these times may also be 
indicated. 
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However, in view of the evidence presented, the 
liaitations of these measures should be realized. 
Aithough infection is most likely to supervene 
within the first three months, it may do so at any 
time, and it is the exception rather than the rule for 
there to be an antecedent story of a respiratory 
infection. 

Other prophylactic measures include the careful 
treatment of all scalp wounds in relation to para- 
nasal sinus fractures. Not only may delayed healing 
lead to postponement of operative repair of the dural 
tear but, as previously shown, an infected wound 
may precipitate meningitis. Avoidance of routine 
lumbar puncture in this type of head injury and 
attention to the special problem of facial fractures 
with cerebrospinal fluid rhinorrhea may also help 
in lowering the incidence of intracranial infection. 


OPERATION 


A repair of the dura in relation to the paranasal 
air-sinuses was performed in 56 patients of this 
series (Table V). The site of the tear, the inelasticity 
of the dura, and its tethering to the bone in the floor 
of the anterior fossa all make effective suture impos- 
sible save in a few cases where the tear is small and 


Table V.—OPERATION DETAILS 


Dural repair performed 56 cases 
Deaths 1 case (uncontrolled meningitis 
before and after operation) 
Findings 
Dural Tear * Negative’ 
Approach Found Exploration 
ee J Above sinus, 26 
I xtradural 4 Trane-cinus, 2 28 24 4 
Intradural 28 27 I 
56 $1 5 
Post-operative Complications 
ee Meningitis 2 
Infection Wound : 
C.S.F. rhinorrhea 3 
Hamorrhage— extradural clot I 
Chest complications 3 
Epilepsy (onset within 48 hours) 3 
13 
situated high up over the frontal pole. In most 


cases a tissue graft is required. Where the tear is 
small temporal fascia may be employed, but its 
uneven texture and thickness make it unsuitable for 
covering large areas. A sheet of fascia lata from 
the thigh is ideal ; it adapts itself well to the uneven 
surface of the anterior fossa, and if necessary a single 
sheet may be cut to cover the whole paranasal sinus 
area ; it lies well in place and no suturing is required. 
Cushing (1927) described this use of fascia lata in 
the treatment of orbito-ethmoidal osteomata. Fascia 
lata was employed in the majority of our cases in 
this series and the late results suggest that it is 
effective. Moreover, evidence from re-exploration 
or autopsy findings in § cases (not in this series) 
indicate that these grafts usually survive. Thus in 
» cases which came to autopsy, 1 three weeks after 

dural repair, death being due to acute dilatation 
f the stomach and meningitis, and 1 ten months 
fter the repair, from intestinal obstruction, the grafts 
vere found to have firmly united to the dura (Fig. 11). 
‘n the other 3 patients at re-exploration for epilepsy, 
nonths, or in one case eight years, after the repair, 
che fascia was easily recognized and was securely 


in place. Histological examination showed living 
fibrous tissue. Where, however, there are very 
large dural tears with a corresponding bony loss, 
there may be a risk of the graft not taking no matter 
what material is used, for in these circumstances a 
relatively large area of the graft is left in contact 
with the air-sinuses. From the evidence of one 
recent case where this happened and a further 





Fic. 11.—Appearances of a fascia lata graft to the right 


cribriform area ten months after operation. The patient 
died from intestinal obstruction. The outline of the graft is 
well seen and firmly united to the dura. 


attack of meningitis supervened, perhaps the risk is 
greatest where there is chronic infection in the 
sinuses, for which appropriate treatment is required 
in addition to the dural repair. 

Other methods of repair which have been used 
include muscle stamps to the dura (Dandy, 1926) ; 
iodoform gauze packed between the dura and bone 
to incite the formation of granulation tissue (Peet, 
1928) ; bone-wax along the fracture line (Graham, 
1937) sometimes reinforced by a small tantalum 
plate (Adson and Uihlein, 1949); dural flaps turned 
down over the defect from the falx and crista galli 
(German, 1944); amnion, and more recently gel- 
foam and fibrin foam. Small and Turner (1947), 
treating gunshot wounds where there had been 
extensive bony destruction, stretched the orbital 
fascia over the dural defect, but whereas this may be 
a satisfactory temporary expedient, it would not 
appear to ensure an adequate and complete barrier 
everywhere. 

Approach.—In 2 cases operated on early in the 
series the dura was repaired through a trans-sinus 
approach after exenteration of the frontal sinuses, 
but further experience indicated that not only was 
exenteration unnecessary, but the exposure was 
better, the repair more certain, and the cosmetic 
result more satisfactory if a frontal bone-flap was 
turned using a unilateral frontal or coronal scalp- 
flap. The bone-flap is cut just above the frontal 
sinus ; it need not be large nor extend down below 
the temporal crest, but it should be taken up to the 
midline. A unilateral flap suffices if the exploration 
is to be limited to one side, but where a bilateral 
exploration is indicated, a six-point bone-flap is 
fashioned extending from the pupil level of one side 
and swung on the temporal muscle of the other side. 
Bleeding from the sagittal sinus is the only trouble- 
some complication of this type of flap, but it is 
usually easily controlled with fibrin foam. Where 
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the frontal sinuses are large the flap must necessarily 
be cut high, for if the sinuses are opened there is 
the attendant risk of infecting the bone-flap. There 
has been no example of an infected bone-flap in this 
series. 

Extent of Exploration.—As indicated earlier, 
this depends largely on a careful appreciation of the 
direction and extent of the fracture lines ; the inci- 
dence of multiple dural tears in this series was 
44 per cent, and this high figure emphasizes the 
necessity of following all fracture lines which may 
implicate the air-sinuses. A careful radiological 
study is of prime importance before operation. 
Where there is any doubt as to the integrity of the 
side opposite the main fracture, as indicated by the 
radiographs, the rhinorrheea, or impairment of smell 
on that side, then it is wiser to make a bilateral 
exploration. 

Intradural or Extradural Exploration.—It 
so happens that in this series there are an equal 
number of extradural and intradural explorations 
(Table V), so that it is possible to compare the rela- 
tive merits of the two methods of repair. The extra- 
dural approach was originally employed, but in 1942 
Eden reported 2 cases operated on by Julian Taylor 
where the dura over the frontal lobes had been 
opened and the fascia lata graft laid intradurally. 
Their reasons for abandoning the extradural approach 
were based on the objections to opening up a 
potentially infected track between the nose and the 
dural tear, thus leading to post-operative infective 
complications ; and to stripping the dura from the 
bone, which left a large dead space which was diffi- 
cult to obliterate and which was probably also a 
further factor favouring infection. As our figures 
show, post-operative infection did not constitute a 
major problem in this series, nor was there any 
difference between the extradural and intradural 
approach in the incidence of infection or indeed of 
clot formation or of the likelihood of epilepsy. 
Nevertheless, this suggestion of an _ intradural 
approach proved a signal advance in the surgery 
of this condition and we came to adopt it as routine, 
but for rather different reasons. The dura is thin 
and adherent to the crista galli and cribriform plate, 
and stripping it from the bone can be tedious and 
difficult. By the extradural route one is uncertain 
at times whether a small tear seen has resulted from 
the accident or the operation, and there is always 
the fear that one may be missing tears farther back 
or indeed producing tears during the exposure. In 
placing the graft extradurally it is not always easy 
to be sure that it is resting posteriorly on normal 
dura everywhere. Moreover, a full exploration 
entails sacrifice of the olfactory nerves with conse- 
quent loss of smell if that function has not been 
already destroyed by the accident. By contrast the 
intradural approach has proved much easier. The 
whole paranasal sinus area can be readily inspected, 
the grafts lie well, and one can be certain that they 
rest on intact dura all round. The olfactory nerves 
are frequently spared. 

These misgivings over the extradural route are 
reflected in our operative experiences: of the § 
negative explorations, 4 were extradural, and the 
only serious post-operative cerebrospinal fluid leak 
followed an extradural exploration. Of 54 patients 
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with paranasal sinus fracture who had a dural rep tir 
but did not have cerebrospinal fluid rhinorrheea p: e- 
operatively, 36 were explored extradurally aid 
18 intradurally. Of these, 5 developed cerebrospi:.al 
fluid rhinorrhoea for the first time after the operation 
and all of them had been explored extradurally ; in 
2 meningitis soon supervened, and at a second opera- 
tion subsequently a further tear behind the site of 
the previous repair was found in each case. From 
these results, therefore, there is little doubt that the 
intradural approach is the easier and more effective 
method. 

Optimum Time for Dural Repair.—Clearly 
if the object of the operation is to prevent intra- 
cranial infection, then the sooner it is done the 
better. Nevertheless it is wise to remember that 
this is a major cranial operation and extra risks are 
run if the patient is operated on whilst recovering 
from the immediate effects of the brain injury. 
Aside from chest complications which might be 
expected in the early days after the injury, the 
additional difficulties of anesthesia at this time and 
the swelling of the contused brain may make the 
exposure more difficult and the chances of missing 
a tear greater. Most patients have either frontal 
scalp lacerations or abrasions and there is, therefore, 
a risk of wound infection in turning a bone-flap 
through a potentially infected field. Moreover, if a 
dural repair is undertaken at the outset, this may be 
incomplete, for these patients are rarely fit enough 
or sufficiently co-operative soon after the accident to 
undergo the full radiological examination necessary 
to determine the extent of the exploration required. 
Of 6 patients in this series operated on within three 
days of the accident, 2 had post-operative chest 
complications, and all 3 post-operative cerebrospinal 
fluid rhinorrhoeas in this series were in this group, 
an incidence of post-operative complications which 
when compared to the whole series (Table V) is 
surely significant. 

For all these reasons, therefore, a definitive dural 
repair is not advisable until the patient has recovered 
from the immediate effects of his injury and the 
scalp is sound. Experience has shown that the 
prophylactic measures against infection mentioned 
earlier and the use of antibiotics will tide the patient 
over this waiting period. 

A full discussion of the early management of the 
frontal wound is beyond the scope of this paper 
but, as a general rule, where it is thought likely that 
the dura may have been torn, immediate surgery 


should be confined to a careful toilet and suture of 


scalp wounds ; if the bone beneath is depressed or 
comminuted, any free fragments may be gently 
removed, but no attempt should be made to lever 
up depressed bone in relation to the sinuses as this 
may well extend the dural tear. If a dural tear is 
readily visible there is of course no objection to 
suture if this is possible, but the dural tears visibie 
at such an operation may not be the ones which 
matter and such a procedure does not lessen the 
necessity for a careful review of the position once 
the acute stage is over. 

Dural Repair after Intracranial Infection.— 
In 6 cases complicated by meningitis a dural repaii 
was performed later, in 4 twelve to sixty-eight days 
after the infection had subsided, and in 1 when the 
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acate stage was over but when there were still cells 
in the cerebrospinal fluid. A dural tear was demon- 
strated in each case and in the fifth case purulent 
exudate was visible in the subarachnoid spaces over 
the frontal pole. There were no post-operative 
complications and the results four to five years later 
were satisfactory in each instance. In the sixth case 
a dural repair was attempted during the active 
infection in an endeavour to control a relapsing 
meningitis, on the assumption that the patient was 
reinfecting himself through the tear. Sulphonamide 
therapy had failed and this was in the days before 
penicillin. The rhinorrhcea was controlled but the 
meningitis continued and the patient died twenty- 
seven days after operation. 


Case 8 (HN1933).—This young cadet, aged 19 years, 
was injured on July 4, 1941, when the motor-cycle he 
was driving ran into a lorry. He sustained a compound 
depressed fracture of the frontal region, mainly on the 
right side, which involved the frontal sinuses. At the 
initial débridement the dura was found to be torn and 
the brain lacerated. He was unconscious for a few days 
and had an amnesia for events following the accident of 
fourteen days. Thereafter, however, he made a good 
recovery, and when admitted to the Military Hospital 
for Head Injuries on Aug. 8, was feeling well and 
beginning to get up. The only abnormal neurological 
sign found on examination was a bilateral anosmia. 
X-ray examination showed that radiating fractures 
extended from the depressed frontal area to involve both 
walls of the right and left frontal sinuses and to com- 
minute the orbital roof on both sides, including the 
ethmoidal air-cells. 

On Aug. 18, seven weeks after the accident, cerebro- 
spinal fluid rhinorrhea began. This was observed 
initially from the left side and subsequently from both 
sides. A week later the patient began to complain of 
headache, his temperature rose, and a lumbar puncture 
confirmed the presence of a pneumococcal meningitis. 
He became very ill, and although there was a partial 
response to sulphonamides (the only chemotherapeutic 
agents available at that time), the cells in the cerebrospinal 
fluid never cleared completely, and over the next month 
he had three major relapses of his meningitis with pneumo- 
cocci growing in the cerebrospinal fluid. The rhinor- 
rhea continued unabated and at one time air was seen 
in the ventricles. It was felt that the meningitis would 
be unlikely to subside until the fistula was closed, and it 
was also apparent that in view of the diminishing white- 
cell response in the blood, sulphonamides could not be 
given for much longer. For these reasons, therefore, 
operation was performed on Sept. 26 at a time when the 
patient’s general condition had improved somewhat and 
the cultures of the cerebrospinal fluid were sterile, 
although there was still a cerebrospinal fluid pleocytosis 
of 100 c.mm. 

A bifrontal extradural approach was made. The 
frontal sinuses were extensively comminuted and several 
loose and depressed pieces of bone were removed. 
A large dural tear, 6 cm. by §°5 cm., was present in 
relation to both frontal sinuses. Both frontal poles had 
been lacerated. A fascia lata graft was applied to the 
torn dura. 

Following operation there was no recurrence of the 
riinorrheea. In the early days there was some general 
improvement in the patient’s condition, but thereafter 
h: became more apathetic and drowsy and in his last 
veek pneumococci were again grown from the cerebro- 
s inal fluid on three occasions. He died on Oct. 25, 
©1e month after his operation. 

__ At autopsy a severe basal meningitis was present. 
he operation site was healthy and the fascial graft lay 





CEREBROSPINAL FLUID RHINORRHGA 15 


firmly in place. There had been severe comminution 
of the anterior fossa; the posterior walls of the frontal 
sinuses were missing and the roof of the right orbit was 
displaced downwards. The frontal sinuses and eth- 
moidal air-cells were widely open. 


In the total series of paranasal sinus fractures 
there were I§ patients who had a dural repair 
following meningitis, in 9 from twelve days to five 
months after the infection had subsided, and in 4 
when the acute stage was over but the cerebrospinal 
fluid still contained up to 70 white cells per c.mm. 
There were no post-operative complications and the 
late results in all were satisfactory. The remaining 
2 patients, one of whom is reported above (Case 8) 
were operated on during the height of a relapsing 
meningitis in an attempt to control it, but both died 
later, still with meningitis. 

By contrast, I2 patients recovered from their 
meningitis but did not have a subsequent dural 
repair. Of these 12 patients, 3 had further attacks 
of meningitis. There is, therefore, no guarantee 
that an attack of meningitis will heal a dural fistula, 
and the risk of a further attack is considerable. On 
the other hand, a dural repair may be carried out 
safely and effectively as soon as the meningitis has 
subsided. 

Negative Explorations.—Five of the 56 explora- 
tions have been listed as negative in that at operation 
no actual dural tear was seen although in 3 there 
was no doubt about the site of dural injury. Thus 
in 2 patients who were explored extradurally and 
in whom the rhinorrhcea had ceased some weeks 
before operation, the dura at one point in relation to 
the fracture was so firmly adherent to the mucosa of 
the frontal sinus in one and to orbital fascia in the 
other that there appeared to have been an effective 
natural repair. The limitations of this assumption 
have been discussed earlier. In a third case where 
operation was performed when cerebrospinal fluid 
rhinorrheea was still present, the only abnormality 
found on intradural exploration was a local roughen- 
ing at one point just anterior to the cribriform plate ; 
a fascial repair, however, stopped the rhinorrhcea, 
so it may be assumed that cerebrospinal fluid was 
able to escape through lacune in this area. In the 
2 remaining cases where the rhinorrhoea had ceased 
before operation extradural exploration was com- 
pletely negative; the explanation of one may in 
retrospect have been due to an inadequate explora- 
tion, and the circumstances of the other, reported 
below, raise doubts as to whether the fluid was 
indeed cerebrospinal fluid. 


Case 9 (HN2904).—This soldier, aged 30 years, was 
injured in January, 1941, when his motor-cycle ran into 
afence. He was travelling at high speed and was thrown 
off his cycle. He did not lose consciousness, and there 
was apparently no actual blow to the head, but the 
wire of the fence cut his forehead in the glabellar 
region. After a few days in the sick bay he returned 
to duty. 

Ever since the accident he complained of headache. 
Three months after the accident he was bending down 
one day and clear fluid trickled out of his nose. Over the 


next four months he had about twenty such attacks, and 
about a teaspoonful of fluid would escape at a time. 
His headache had continued almost daily, but it was 
sometimes noticed particularly after an attack of rhinor- 
Apart from a mild left hyposmia, no neurological 


rheea. 
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abnormalities were found on examination and a full radio- 
logical study of the paranasal sinus area failed to disclose 
a fracture. 

Despite the unusual nature of the accident and the 
negative X-ray findings, the history of cerebrospinal fluid 
rhinorrhcea seemed so definite that operation was advised. 
In March, 1942, a bilateral extradural exploration was 
performed. The dura was densely adherent to the 
cribriform plates, which in this case were exceptionally 
deep. No dural tear or fracture line was seen despite a 
full exploration. The cribriform areas were covered with 
fascia lata. 

His convalescence was uneventful. Six years after 
operation he reported that there had been no further 
attacks of rhinorrhoea, although he was still having head- 
aches and attacks of giddiness. He was working as a 
miner. 


These experiences suggest that if there is un- 
equivocal cerebrospinal fluid rhinorrhoea and a 
fracture is demonstrable in relation to the para- 
nasal sinuses, then a dural tear will be found at 
operation provided a full exploration is made and all 
fracture lines in relation to the sinus area are followed. 
Occasionally this tear will be incomplete and the 
dura shredded so that the membrane is no longer 
complete. It is recognized that not all fractures of 
the cribriform area can be seen on radiological 
examination, and negative radiographs should not 
necessarily preclude exploration of the anterior 
fossa; yet in these circumstances it is wise to con- 
firm beforehand, if this is possible, that the fluid is 
cerebrospinal fluid and also not to overlook the 
possibility that the rhinorrhcea may be produced by 
cerebrospinal fluid draining down the Eustachian 
tube from a hitherto unsuspected fracture in the 
petrous bone. 


POST-OPERATIVE COMPLICATIONS 


Dural repair is a prophylactic surgical operation 
and therefore a special responsibility lies with the 
surgeon in advising it. One must be sure that the 
operative premium is worth the assurance in the 
future. For this reason all the incidents in this 
series occurring after operation have been listed in 
Table V as post-operative complications, although it 
is clear on cursory inspection that some are not due 
entirely to the operation and others are not specific 
to the type of operation but may follow any major 
cranial operation. Thus epilepsy is not uncommon 
after these frontal wounds (of these 84 patients, 
21 had an epileptic fit at some time within the 
period of follow-up) and in the 3 patients who had 
their first epileptic fit within forty-eight hours of 
operation, the intervention was presumably no more 
than a precipitant. All 3 had infrequent fits in 
subsequent years. ‘The 3 patients with chest compli- 
cations made good recoveries and the 1 patient who 
developed a post-operative extradural clot made a 
smooth convalescence after evacuation of the hzema- 
toma. The 1 death after operation was due to pre- 
existing and uncontrolled meningitis (Case 8); this 
fatality cannot be ascribed to the operation. 

The post-operative complications which require 
special mention are infection and recurrent cerebro- 
spinal fluid rhinorrhea. 

Infection.—Post-operative wound infection has 
fortunately been uncommon in this series. Only 
1 case developed a scalp infection ; in this patient a 
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superficial scalp abscess presented two months afer 
operation, discharged, and then healed without 
further incident. There were no instances of post- 
operative bone infection. 

In 2 patients with persistent rhinorrheea, operation 
was performed urgently in the presence of an osteitis 
of the orbital roof in one and a frontal sinusitis in 
the other. This was in the days before penicillin 
when it was considered that in these circumstances 
the risk of operation was less than that of an acute 
meningitis which it seemed certain would otherwise 
develop. Post-operatively both patients developed 
a meningeal reaction, but all cultures of the cerebro- 
spinal fluid were sterile, the constitutional disturb- 
ance was mild, and the patients recovered quickly. 
The late results in these two patients are satisfactory. 
These are difficult surgical decisions to make and 
one hopes that with the present range of antibiotics 
most of these infections may be controlled adequately 
in the future before operation. 


Case 10 (HN7422).—This aircraftman, aged 22 years, 
was injured in November, 1943, when he was knocked 
off his cycle. He received a severe head injury and had 
an amnesia for one week after the accident. There was 


a small wound over the right eyebrow. Radiographs | 


showed a fracture of the frontal bone above the sinuses, 
which ran down into the left temporal fossa and then 
across the roof of both orbits. Other fissures ran down 
from the main fracture to enter the lateral aspects of 
both frontal sinuses. 

Cerebrospinal fluid rhinorrhcea was noticed from the 
left nostril two days after the accident and continued for 
a week. It then stopped, but three days later (fifteen 
days after the accident) the patient had a slight tempera- 
ture and developed tenderness and edema over both 
frontal sinuses. The oedema increased slightly over the 
next week and the pyrexia continued. Radiographs of 
the frontal region showed no evidence of bony infection, 
but there was no doubt of the inflammatory soft-tissue 
process, and it seemed almost certain that the frontal 
sinuses were infected. On sulphonamide therapy the 
tenderness and cedema began to subside, but ten days 
after its onset cerebrospinal fluid rhinorrheea recurred, 
this time from both nostrils. Although the local inflam- 
mation had not subsided completely it was~decided in 
view of this complication to proceed with the dural 
repair urgently, as the risk of meningitis seemed con- 
siderable. 

Operation was performed one month after the acci- 
dent. A bifrontal extradural exploration disclosed exten- 
sive fracturing of the anterior fossa with three large dural 
defects through which brain tissue had herniated into the 
frontal sinus on the right side and into the ethmoidal air 
cells on both sides. These defects were repaired with 
fascia lata. 

Post-operatively the patient made a good recovery, 
although he had headache and the scalp remained 
cedematous for longer than is usual after these explora- 
tions. Eleven days after the operation, because of the 
headache, a lumbar puncture was done, but the fluid 
was clear and cell-free. Thirty-three days after opera- 
tion he suddenly developed signs of a mild meningitis, 
with a temperature of 101°6° F. A lumbar puncture 
yielded an opalescent cerebrospinal fluid containing 
195 white cells per c.mm., mainly polymorphonuclear, 
which was sterile on culture. On sulphadiazine the 
infection subsided rapidly. He continued, however. to 
suffer from headaches and was invalided from the Service 
in May, 1944. 

His follow-up report four years later was satisfactory 
in that there had been no further complications and he 
was working, but he still had headaches on exertion. 
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Several factors were important in this low 
incidence of infection. As indicated earlier, all 
patients with cerebrospinal fluid rhinorrhoea were 
barrier-nursed before operation and for at least 
five days afterwards in order to lessen the risk 
of contracting an upper respiratory infection ; 
operation was delayed until the scalp was healthy ; 
sulphonamides and, after 1944, penicillin were 
used prophylactically before and over the operation 
period. 

Recurrent Rhinorrheea.—In one patient who 
was transferred to us following a trans-sinus extra- 
dural repair at another hospital, the cerebrospinal 
fluid rhinorrheea continued for ten days post- 
operatively. The records suggest that the explora- 
tion was incomplete. Unfortunately this is one of 
the few patients whom it has not been possible to 
trace ; our last information is that he was well seven 
months after operation. Two other patients had 
slight post-operative leaks ; in one patient repaired 
extradurally on the day of the accident, a little clear 
fluid not definitely proved to be cerebrospinal fluid 
came down the nostril on the seventeenth post- 
operative day ; and in the other, repaired intradurally 
three days after the accident, a slight cerebrospinal 
fluid leak continued for the first two days post- 
operatively. There was no further recurrence in 
these cases and the follow-up three years later was 
satisfactory. 

A recurrent leak suggests an incomplete repair, 
and if it occurs the case should be carefully reviewed 
with this possibility in mind. An early post- 
operative leak which is not repeated, however, 
admits another explanation :. during the operation 
and particularly if there is a large defect in the 
sinuses, cerebrospinal fluid and other fluid from the 
operation may collect in the sinuses and discharge 
down the nose later. If this is so, an early recur- 
rence may not necessarily imply an unsatisfactory 
repair; the operative details and the subsequent 
course of the third case mentioned above suggest 
this may be an explanation in some cases. 

Operation Risks.—A closer analysis of these 
Operative and post-operative complications suggests, 
therefore, that the risks are small and there are few 
complications of any moment. It should be remem- 
bered, however, that this is a major procedure and 
in the main we were operating on healthy young 
men ; all except 4 of the operated group were under 
35 years of age. In older people the risks of con- 
servative as against operative treatment have to be 
weighed carefully. 


LATE RESULTS 


With the help of the Head Injury Bureau at the 
Military Hospital for Head Injuries, Wheatley, under 
the direction of Dr. W. Ritchie Russell, and the 
British Red Cross Organization, all the patients in 
this series save 3 have been traced. The follow-up 
was conducted mainly by questionnaire, but some 
Patients were interviewed personally. Of the 84 
patents, 10 have died ; 6 from intracranial infection, 
2 fom other effects of the head injury, and 2 from 
un elated causes. Of the remaining patients all 
have been followed for at least three years after 
lea ing hospital, 18 for over four years, and 25 for 
pe: ods from five to nine years. 
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Table VI summarizes the results. The operated 
group have done well; there is no example of a late 


Table VI.—LATE RESULTS 


Intracranial Deaths from Recurrent C.S.F 


Infection Infection Rhinorrhea 
Operated: 55 cases I ° ° 
Unoperated : 26 cases 6 4 2 


recurrent cerebrospinal fluid rhinorrhoea and there 
is a solitary case of late meningitis. 


Case 11 (HN7851).—This patient, aged 26 years, 
sustained a penetrating compound frontal wound involv- 
ing the frontal sinuses in January, 1944, when he fell off 
his cycle. Left cerebrospinal fluid rhinorrheea was present 
from the time of the accident and the initial operation on 
the day of the accident was limited to suture of the scalp. 
The patient was unconscious for nearly a week, but 
thereafter made a steady recovery. Radiographs showed 
fractures extending from the vault down through both 
frontal sinuses, which were comminuted; the fissures 
ran backwards to involve the ethmoidal region and in the 
lateral projection it was seen that the anterior wall of the 
sphenoidal air-sinus was also fractured. 

On transfer to the Military Hospital for Head Injuries 
sixteen days after the accident, the patient was well and 
the scalp healed. The left rhinorrhea had continued, 
however, and there was anosmia on that side. At opera- 
tion four days later, a bifrontal extradural exploration 
disclosed that the fractures had isolated the paranasal 
sinus area in one block. Behind the left frontal sinus 
and anterior ethmoidal region was a large dural tear 
through which brain tissue had herniated into the 
sinuses ; farther back was a smaller tear in relation to 
the sphenoidal air-sinus. A fascial repair was performed. 

The patient made a good recovery from the operation 
and the rhinorrhoea ceased. He returned to duty and in 
1946 was demobilized. In June, 1947, nearly three and 
a half years after the operation, he began to discharge pus 
from a small sinus in the centre of the forehead; the 
wound scar and the operation incision were sound. 
A month later he developed meningitis. Cultures of the 
cerebrospinal fluid were sterile and the meningitis 
responded quickly to penicillin. He was seen again by 
us after recovery from this infection and at that time was 
well ; a small scab was present over the sinus which had 
been discharging. Radiographs showed no evidence of 
bony infection and an air encephalogram showed a little 
dilatation of the left anterior horn of the ventricle, but 
was otherwise normal. The sinus healed and when the 
patient reported again, three years later, he said that 
there had been no further discharge, and he was well 
and on full work. 


The precise cause of this infection was not 
established. There was no evidence of bony infec- 
tion, but it is possible that the patient had a clinically 
quiescent wound infection with death of the graft 
and subsequent meningitis. 

The true worth of the operation and its results, 
however, can be established by comparison with the 
cases treated conservatively. Of 26 patients in 
whom operation was not advised or was refused, 
3 died from non-infective causes. Of the remaining 
23 patients, 6 developed meningitis within two and 
a half years of the injury, of whom 4 died. One of 
these patients developed meningitis twenty-two 
months after the accident; he subsequently had a 
dural repair and is well two and a half years later. 
When it is remembered that the follow-up extends 
over a few years only, and that most of our severe 
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cases were operated on, it may be assumed that a 
25 per cent risk of infection without operation is a 
minimal figure. 


CONCLUSIONS 


The emphasis in this report has been on the 
risk of intracranial infection in paranasal sinus 
fractures with cerebrospinal fluid rhinorrhea, 
whether a fascial graft repair to the torn dura is 
necessary and if it is a safe and effective prophy- 
lactic measure. It is obvious, however, in assessing 
the total effects of these injuries that the degree and 
sequele of the brain damage have also to be con- 
sidered. Thus, quite apart from the risks of 
meningitis itself, epilepsy may be precipitated by 
the infection, and this factor partly accounts for the 
high incidence of fits in this series. Of the 84 
patients, no less than 21 had a fit at some time 
either during the acute illness or the period of 
follow-up. In 5 patients the onset of meningitis 
was heralded by their first convulsion and a further 
patient had his first fit during his meningitis. Of 
the 16 patients with meningitis in this series, 11 had 
epilepsy at some time as against 10 of the 68 patients 
who had no intracranial infection. In this type of 
injury, therefore, the risks of epilepsy are clearly of 
considerable importance. 

It would appear from these results that in these 
days with a higher proportion of road accidents 
occurring at speed, fractures involving the paranasal 
sinuses occur in about 7 per cent of all head injuries 
sufficiently severe to be admitted to hospital, and 
cerebrospinal fluid rhinorrhea develops in nearly 
2 per cent. A dural tear in relation to the air- 
sinuses as judged by the presence of rhinorrhcea 
carries a risk of meningitis supervening at some time 
in the future of at least 25 per cent, and this inci- 
dence would almost certainly be higher in a series 
where conservative treatment was the rule. Repair 
of the dural tear by fascia lata graft is an effective 
method of closure. Within the limits mentioned 
earlier it is a safe operation and the intradural 
approach is the method of choice. In general, 
operation should be considered in all cases of 
rhinorrheea with fracture of the skull involving the 
paranasal air-sinuses whether this be of early or late 
onset, of brief or long duration. 


SUMMARY 


The management and late results of treatment 
of 84 cases of cerebrospinal fluid rhinorrhea follow- 
ing closed head injury are described. 

The incidence »>f paranasal sinus fracture in an 
unselected series 01 closed head injuries was 7:2 per 
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cent, and of cerebrospinal fluid rhinorrhea 2 per : ent, 
The risk of intracranial infection supervening ui les; 


dural repair is performed is considered to be at east f 


25 per cent. 

In 56 patients a dural repair was performed and 
the operative details and complications are described, 

From a study of the natural history of cerebro- 
spinal fluid rhinorrhoea and the results of conserva- 
tive and operative treatment in this series, it js 
concluded that dural repair should be considered in 
all cases of paranasal sinus fracture with rhinorrhea, 
whether this is of early or late onset, of brief or 
long duration. 


I am deeply indebted to the late Sir Hugh Cairns, 
under whose direction this work was conducted. 
This paper was completed just before his illness, and 
at all times he gave me every encouragement and 
much useful criticism. 

My grateful thanks are also due to Mr. C. A. 


Calvert (Belfast), who had such a major share in the | 


management of the military cases recorded in this 
paper ; the several other surgeons who took part in 
this work when at Oxford during the war will know 
the extent of his contribution to the subject. 

I also wish to thank Miss A. Arnott for the 
illustrations. 
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EXTRADURAL HAMORRHAGES OF THE POSTERIOR FOSSA 
By R. S. HOOPER, MELBOURNE 


Tue classical description of the extradural hemor- 
rhage as it occurs in surgical text-books is as widely 
known as any other surgical condition. In spite of 
this fact, these collections are frequently missed or 
their diagnosis is delayed until a fatal outcome is 
inevitable ; a last-minute rush to the theatre to 
perform a craniotomy failing to avert a death which 
should have been prevented. There is no doubt 
that in some instances there has been a failure to 
observe the changes which have taken place, but in 
others it would seem that the failure to diagnose the 
condition has been due to a lack of appreciation of 
variations in the manifestations of extradural hemor- 
rhage. 

The common and ‘ classical’ form of extradural 
hemorrhage is that which occurs in the middle 
fossa; although 60 per cent of extradural hemor- 
rhages occur in this region, only half of these will 
present the ‘ classical’ syndrome. The remaining 
middle fossa hemorrhages present variations in this 
picture, and the recognition of these variants will 
present few difficulties if observations are com- 
plete. When the situation of the extradural clot is 
atypical, the difficulties are increased. According 
to Lewin (1949, 1953) the occurrence of extradural 
collections in these atypical sites is one of the main 
factors contributing to the high mortality of extra- 
dural hematomata. 

In these situations, the extradural hemorrhage 
presents a ‘ pattern’ of symptoms and signs, which 
shows even fewer similarities to the classical form ; 
the only common factor in many cases being the 
eventual deterioration of consciousness. With 
hemorrhages in both the anterior and posterior 
fosse a general pattern can be determined in each 
condition. Awareness of this pattern will help to 
diminish the mortality associated with these lesions. 
In order to reduce still further the mortality by early 
diagnosis it is essential to be aware of the variations 
which may occur in this pattern. 

The pattern of the extradural hemorrhage in the 

posterior fossa is not well known because relatively 
few cases have been described in the literature, and 
hitherto the largest series of cases described has 
contained only three cases. Reports of cases have 
occurred from time to time in neurosurgical or 
neurological journals, but few references to the sub- 
ject occur in surgical journals with a more general 
interest. As the majority of these lesions come 
under the care of general practitioners and general 
Surgeons in the first instance, it is upon them 
that the first responsibility for diagnosis lies. For 
this reason there is a need for a more general 
appreciation of the other patterns of extradural 
hz norrhages. 
_ The series of 7 cases of extradural hemorrhage 
in ‘he posterior fossa will be described, which may 
be compared and contrasted with previously des- 
cr ved cases to provide a suitable background for 
th construction of a pattern for this form of 
In iry. 


INCIDENCE 


The incidence of extradural hemorrhages in the 
posterior fossa is mot easy to determine. The 
author has encountered 7 collections in the posterior 
fossa in a series of 47 extradural hematomata, which 
occurred in approximately 900 patients referred for 
management. These figures do not give an accurate 
assessment because the majority of the patients 
presented complications or difficulties in manage- 
ment, thus giving a higher proportion of complica- 
tions than is found in an unselected group of head 
injuries. Most of the patients were referred from 
two major hospitals where the combined total of 
admissions due to head injury was approximately 
2500 patients during the same period. A more 
approximate estimation would show that extradural 
hzmatomata occurred in 2 per cent of patients with 
head injuries severe enough to necessitate admission 
to hospital. Within this group it would be found 
that collections in the posterior fossa represented 
0-3 per cent of the total. 

When more representative figures are studied it 
is found that Munro (1938) estimates that only 
3 per cent of patients admitted to hospital develop 
an extradural hematoma, while Mock (1950), in a 
series of 604 skull fractures, finds a similar figure. 
The relative figure for posterior fossa hemorrhages 
may be assessed from reported series of extradural 
hematomata in which it may be assumed that 
autopsies were performed in all relevant cases. It 
will be found that McKenzie (1938) includes 3 
hemorrhages in the posterior fossa in his series of 
20 extradural collections ; Munro and Maltby (1941) 
found 1 in 44 patients, and Lewin (1949) 3 in 29 
patients. When post-mortem material alone is con- 
sidered, it is found that Vance (1927) records 4 col- 
lections in the posterior fossa in 61 extradural 
hemorrhages found at autopsy. Le Count and 
Apfelbach (1920) found that 15 of their series of 
104 large extradural hemorrhages were associated 
with fractures of the posterior fossa, but it is not 
clear how many of these were mainly confined to the 
posterior fossa. Thus, in the available material 
gathered from clinical and post-mortem sources, 
7 per cent of all extradural hemorrhages occur in 
the posterior fossa. It seems probable that this 
incidence may increase as the condition becomes 
more widely known. Recently Beller and Peyser 
(1952) tabulated 19 reported cases of extradural 
cerebellar hematoma. In this table the 3 patients 
reported by McKenzie (1938) are omitted, though 
they appear in the text. A survey of these reports 
shows that prior to 1944 reports of operative inter- 
vention for hemorrhages in the posterior fossa were 
infrequent, but in 1951 reports of 3 cases were found, 
and in 1952 reports of 6 cases were described in one 
issue of the Journal of Neurosurgery. Although not 
common, the lesion is not ‘ excessively rare’, as 
Peet (1949) has stated. As the clinical features 
become more widely known the incidence of recog- 
nized cases is bound to increase. When it is 
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realized that extradural hemorrhages are responsible 
for a large proportion of the avoidable deaths 
following head injury, the significance of this lesion 
must not be underestimated. 


CLINICAL TYPES 


According to the rapidity with which the con- 
dition advances, three distinct clinical types may be 
identified, viz. :— 

1. Acute form, in which severe signs of medullary 
compression occur within 24 hours of injury. 

2. The subacute form, in which the manifesta- 

tions of brain-stem compression are delayed for 
2 to 7 days after injury. 
3. The chronic form. In this form all bleeding 
has long ceased, but the clot later breaks down and 
its volume probably increases as a result of osmotic 
factors, in the same way as the subdural hematoma 
expands. Acute manifestations occur after a period 
of some weeks. 

The Acute Form.—This form is frequently 
associated with more severe brain damage else- 
where and the mortality is in consequence higher 
even after early diagnosis and evacuation of the 
hematoma. Case 1 belongs to this group and 
presented almost all the difficulties which may be 
experienced in the management of such a lesion. 


Case 1 (Fig. 12).—W. W., a youth of 20 years, was 
riding a motor-cycle when he struck a pot-hole and was 
thrown off on to his head. He was admitted to hospital 
in a stuporose condition one hour later. He was 
irrational and restless, but was able to give his name. 
The blood-pressure was 160/95 and the pulse-rate §2. 
The pupils were dilated but reacted to light. There 
was a soft boggy swelling behind the right ear, and 
bleeding from this ear and nasopharynx. A peri-orbital 
hematoma was present on the right side. 

One hour later his blood-pressure rose to 240 mm. 
systolic, and the pulse to 100. The patient was un- 
rousable and cyanosed. As the respirations appeared 
obstructed a bronchoscopy was performed, but little was 
found and no improvement resulted. Respirations 
ceased at this stage and an endotracheal tube was passed 
and artificial respiration commenced with oxygen through 
a re-breathing bag. 

The patient was first seen after respiration had been 
carried out for an hour. The circulation had begun to 
fail and both pupils were dilated and fixed. There was 
no response to painful stimuli. 

Without any attempt at asepsis and with the patient 
in his bed an incision was made above the right ear. 
A burr hole disclosed extradural clot and this was followed 
by a great gush of blood. The opening was enlarged to 
reveal a comminuted fracture of the parieto-occipital 
region with a wide fissure running down through the 
mastoid process. The clot was largely in the posterior 
fossa and from this region blood continued to gush out. 
The sigmoid sinus was found to be stripped away from 
the bone and a tear was found in its descending portion. 
The torrential hemorrhage was only controlled by digital 
pressure against the sinus while attempts were made to 
raise the head on the one hand and transfuse the patient 
on the other. Although the patient was grossly exsan- 
guinated at this stage, irregular spontaneous respirations 
commenced. These improved as the transfusion con- 
tinued and later a large piece of crushed muscle was 
sutured over the sinus defect. At the completion of the 
operative procedure the patient’s condition was very poor, 
he was deeply comatose, and respirations were stertorous 
and irregular. Later in the day respirations became 
obstructed and a tracheotomy was performed. A large 
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quantity of blood and mucus was aspirated from: th 
trachea. 


what went on. But on the fifth day a right facial weak. 


ness was noted and for the first time the right limbs dig 


not move as well as before. It appeared that some of 
the difficulty with speech was probably due to dysphiasia 
The left pupil was now larger than the right. An increay 
in these signs on the following day necessitated ap 
exploration of the left temporal region. An acute sub. 
dural hematoma was found overlying the temporal pole, 








_ Fic. 12.—Case 1. Diagrams of fracture pattern and 
Situations of extradural clot arising from the torn sigmoid 
sinus. 


and when this was sucked away a laceration of the cortex 
was found, beneath which an intracerebral hematoma 
was seen. This clot was gently evacuated and complet 
hemostasis obtained. 

On the following day the pupils were equal, the 
power in the right limbs had improved, but the limbs 
were grossly ataxic. 

During this period there had been a progressive 
improvement in the consciousness although the tem- 
perature was quite unstable. It was felt safe to remove 
the tracheotomy tube during the sixth week. At this 
time he had developed an infected sinus behind the ear, 
and when this was explored it was found that the sigmoid 
sinus had thrombosed and suppurated. The area was 
packed and allowed to heal up from the bottom. At this 
stage he was making attempts to walk, but there still 
remained a gross spastic ataxia of the right limbs, causing 
him to walk with a high stepping gait. 
read but speech was slurred and explosive. 

When reviewed three months later, he had difficulty 
in convergence and experienced diplopia when looking 
at objects closer than 2 ft. Speech became slurred if 
he spoke quickly. There was still some ataxia in the 
right hand, with coarse tremor when he became excited. 
Walking was still difficult because the right leg was 
grossly ataxic. 

At the end of another three months he walked well 
with a stick, but became unsteady on turning. Diplopia 
was now infrequent. 


In this patient, it is seen that there was no lucid | 


interval. The state of consciousness showed a pro- 
gressive deterioration, the blood-pressure was high 
and the pulse-rate slow. These unmistakable signs 
of cerebral compression were not accompanied by 
any indications of localization in the posterior fossa 
apart from the signs of local injury. Later, it is 
seen that physical signs developed which, had they 
appeared earlier, might have diverted attention from 
the posterior fossa. The coincident manifestation 
of an acute subdural hematoma is probably not 
unusual in this type of injury. Lewin (1949) des- 
cribes this association of an extradural hemorrhaye 


of th 
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reporis of Gordy (1948), Herren and Zeller (1950), 
and Schneider, Lemmen, and Bagchi (1953) contain 
) descriptions of similar manifestations in which the 
sterior fossa clot was associated with subtemporal 
or subfrontal lacerations and subdural blood-clot. 


Case 2 (Fig. 13).—A. J., a male aged 49 years, was 
involved in a car accident an hour before admission to 
the Casualty Department. He was rendered unconscious 


) at the time, and thereafter had a short period of amnesia. 
’ Further information concerning the accident could not 


be obtained. The patient complained of severe pain in 


) the neck and the back of the head, and also in the right 


knee. 

When examined 14 hours after the accident, the 
patient was moaning and complaining of pain in the 
neck. He was pale and appeared shocked, but the blood- 
pressure was found to be 172/100 and the pulse-rate 80. 
Respirations were quiet and regular. 

Examination of the chest and abdomen revealed no 
injury, but the right patella had sustained a transverse 
fracture with some separation of the fragments. A small 
superficial abrasion was present in the left fronto-parietal 
area and some blood-stained mucus was seen in the 
nasopharynx. 

There was tenderness over the whole of the cervical 
spine. The patient complained of pain all over his head 
and down the cervical spine. 

At the time of his admission to the ward the patient 
had become a little drowsy and incoherent, but neuro- 
logical examination revealed no significant abnormality. 
The pupils were small and contracted, but this was 
attributed to an injection of morphine. All deep reflexes 
were present and active and the plantar responses were 
flexor. 

Radiographs of the cervical spine were obtained, but 
no bony injury and no evidence of dislocation was 
apparent. 

Four hours after the accident the patient had become 
noticeably more drowsy and incoherent and was lapsing 
rapidly into stupor and coma. The blood-pressure 
remained elevated, 160/100, while the pulse-rate was 
slow. A lumbar puncture was performed and uniformly 
blood-stained fluid at a pressure of 95 mm. of water was 
obtained. 

The probability of a cerebral injury was thus raised. 
Re-examination now revealed an extensor plantar response 
on the right while the left was equivocal. Deep reflexes 
remained unaltered. The patient was again sent to the 
X-ray Department for radiographs of the skull, which 
revealed a vertical fracture of the occipital bone extending 
to the base. 

Soon after his return to the ward, respirations ceased. 
Immediate manual artificial respiration maintained a good 
colour until the patient was placed in a Drinker type 
respirator. The colour remained good, but the pulse 
volume became poor and was at times imperceptible. 
When seen at this stage there had apparently been little 
change in the last hour in which he had been in the 
respirator. Exploration of the skull was commenced 
forthwith. 

Burr holes were made in the temporo-parietal region 
or each side, but no surface collection was found. 
Exploration of the posterior fossa was then decided upon. 
This proved difficult while the patient remained in the 
re-pirator, because there was not room to use the Hudson’s 
brace and perforator. The initial bone opening was 
m ide with a gouge and mallet, and when an extradural 
c'ot was found the bone opening was rapidly enlarged 
w th rongeurs. The clot, which extended to the mid- 
le medially and to the sigmoid sinus laterally, and was 
1-2 cm. thick, was evacuated by suction. Its origin 
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could not be precisely determined, but little further 
bleeding occurred and the incision was closed over a 
drain. 

Although the general condition of the patient im- 
proved, spontaneous respirations did not recommence, 
and eight hours later he relapsed into his shocked state 
and died twenty hours after the injury. 

No autopsy was obtained. 


This was the first posterior fossa clot of this 
series to be encountered. There was a lucid interval 
and it was during this stage that a fracture of the 





. Tracing of fracture line and diagram 
showing situation of extradural clot. 


FIG. 13.—Case 2. 


cervical spine was suspected because of the neck 
stiffness and pain in the suboccipital region. With 
the subsequent deterioration of consciousness no 
other localizing phenomena appeared to aid diag- 
nosis until the radiographs of the skull were obtained. 
The operative difficulties imposed by the use of the 
Drinker respirator were considerable, but it was felt 
unwise to change to endotracheal insufflation at this 
stage. As no autopsy was obtained the possibility 
of an associated lesion cannot be excluded. 

It will be seen that these two cases correspond to 
a well-defined group in which are included those 
described by Gordy (1948), McKenzie (1938), 
Lewin (1949), and Herren and Zeller (1950). The 
pattern consists of a rapid development of medullary 
compression with few or no neurological signs which 
might aid localization. The site of impact and the 
radiographs alone suggest the site of compression. 

The patient receives a blow on the posterior 
portion of the head ; immediate unconsciousness is 
usual, but some recovery follows. The patient may 
complain of headache and pain in the suboccipital 
region ; the latter may suggest a fractured cervical 
spine. The level of consciousness deteriorates after 
a few hours and finally passes rapidly into a state of 
profound coma, and during this stage death may 
occur suddenly from respiratory obstruction, the 
cyanosis associated with this condition being sufficient 
to rob the already compressed medullary centres of 
the last supplies of oxygen. Radiographs usually 
reveal a fracture in the occipital region involving the 
posterior fossa, but if the oblique view to show 
the basal portions of the occipital bone is not obtained 
even this important localizing sign may be missed. 
Cerebellar signs are absent or perhaps masked by 
the rapid onset of stupor or coma, while cranial 
nerve palsies so frequently seen in the subacute 
cases either do not occur or are not observed in the 
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dramatic rush of events which accompany the rapid 
decline in these patients. 

The association with supratentorial lesions has 
been observed at autopsy in several reports in 
patients who have not survived the infratentorial 
compression. Case 1 is of interest because the 
clinical manifestations of the subdural clot became 
apparent 2-3 days after the posterior fossa clot had 
been evacuated. 

The Subacute Form.—Four cases fall into this 
group, which includes those in whom the condition 
was made manifest from the third to the tenth day. 


Case 3.—J. D., aged 8 years, fell from a box about 
3 ft. high and struck the back of his head on the concrete 
floor. He was not unconscious but vomited five minutes 





Fic. 14.—Case 3. Diagrams of fracture line and extradural 
clot revealed at post-mortem examination. 


later, and continued to vomit for 24 hours. Although 
there was no further vomiting he complained of severe 
headache for the next day, though in other respects he 
appeared quite normal. On the third day he became 
drowsy and this drowsiness continued and increased 
during the next 18 hours. 

He was admitted to hospital on the third day after 
the injury, and was then in a semicomatose condition. 
There was some bruising over the forehead and cheeks. 
The eyes were deviated to the right, but the pupils were 
equal and reacted to light. There appeared to be some 
slight spasticity in the right leg, but in retrospect it 
seems that this should have been interpreted as a relative 
loss of tone in the left leg. The left knee- and ankle- 
jerks were less brisk than the right. The plantars were 
extensor. 

A lumbar puncture produced slightly blood-stained 
fluid at a pressure of 150 mm. 

Exploratory operation followed. Bilateral temporo- 
parietal burr holes were made under local anesthesia. 
The child awakened on the table and resisted strongly, 
speaking for the first time since admission. No indi- 
cation of a hemorrhage was found through this approach, 
and as no further exploration under local anesthesia was 
tolerated, the child was returned to the ward with the 
intention of performing a ventriculogram in the morning, 
but before morning he died suddenly. 

At autopsy (Fig. 14) a fissure fracture was found in 
the left occipital bone extending vertically down to the 
foramen magnum. There was a large extradural hemor- 
rhage on the left side of the posterior fossa producing 
marked compression of the left cerebellar hemisphere. 


This is the only patient in the series in which the 
injury was trivial and did not cause an initial loss of 
Had the exploration been carried 


consciousness. 
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out under general anesthesia the story might haye 
been different, but the loud and vigorous pri test; 
from the child gave the illusion of improvemeni an 
made further exploration difficult. The lack of pre. 
operative X-ray examination prevented the rccog. 
nition of a further clue to the localization of the 
lesion. 


Case 4 (Fig. 15).—R. L., a boy of 15 years, was 
involved in a motor accident three hours before admission, 
When admitted he was irritable and confused, but could 
be easily roused. The pulse-rate was §5 and the blood- 
pressure 120/65. There were no abnormal neurological 
signs. On the following morning his condition appeared 
unchanged. A lumbar puncture revealed bloody fluid 
at a pressure of 240 mm. By evening the blood-pressure 
had risen to 150/80. The pupils were equal, but the 





Fic. 15.—Case 4. 


Diagrams of fracture line and situation of 
extradural clot. 


right plantar was extensor. Marked neck stiffness was 
noted. There was some frothing at the mouth, and at 
this early stage much purulent mucus was removed by 
suction. In the early hours of the following morning the 
blood-pressure had risen to 160/95 and the pulse had 
risen to 100. The pupils were dilated but reacted to 
light. It was considered that his state of consciousness 
had deteriorated as he was less irritable. Both plantars 
were extensor. By 9 a.m. he had developed partial 
laryngeal obstruction ; respirations then ceased and could 
not be re-established after sucking out the trachea and 
putting in an endotracheal tube. The tube was con- 
nected to a breathing machine and the patient artificially 
respired until operation was commenced in the theatre 
forty-five minutes later. An incision was made vertically 
downwards from a hematoma in the occipital region ; 
on splitting the muscle a fracture was detected in the 
posterior fossa. Beneath the fracture line a large extra- 
dural clot was found and evacuated. The transverse 
sinus was found to be bleeding near the entrance of an 
emissary vein. After removal of the clot, respirations 
commenced and the bleeding point was controlled. The 
wound was closed with drainage. 

On the same afternoon he again showed signs of 
laryngeal obstruction, with rib retraction and crowing 
respirations. A tracheotomy was performed, but the 
tube blocked frequently with purulent exudate. The 
temperature rose and his colour remained poor. Three 
days after operation a partial collapse of the left lung 
occurred and he died on the following day. 

No autopsy was obtained, but it was considered tha’ 
death was largely due to the pulmonary complication. 


Here again the gradual progression of symptom 
was suddenly accelerated by the appearance o 
laryngeal obstruction, and respirations recommencec 
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- least an hour of artificial respiration. Un- 
fortunately the tracheotomy was delayed too long 
and failed to prevent death from a purulent broncho- 
pneumonia. Once again the failure to obtain a 
radiograph of the posterior fossa fracture probably 


' delayed the recognition of the localization. 


Case § (Fig. 16).—G. M., a boy aged 2 years, was 
brought to hospital about one hour after he had fallen 
down a flight of steps. The child was unconscious 
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Fic. 16.—Case §. Tracing of fracture line and diastasis 
of sagittal suture, and diagram of extradural clot arising from 
tear in torcular region. 


when picked up, but recovered within a few minutes 
and began to cry. Later, he became pale and vomited. 
On admission to hospital the child was stuporose, reacting 
only to painful stimuli. A large hematoma of the scalp 
was present in the occipital region. There was no neck 
stiffness but the limbs appeared lacking in tone. The 
state of consciousness improved after admission, but the 
child remained apathetic and drowsy. 

On the following day the child was still drowsy and 
vomited frequently. For the most part he remained 
inactive and the limbs flaccid. Radiographs obtained 
at this stage revealed a wide fissure fracture which 
extended from the vertex through the sagittal suture line 
to the lambda, thence to the region of the torcula, where 
its course turned laterally along the line of the lateral 
sinus for 2 cm., then again turned downwards across the 
posterior fossa to terminate in the foramen magnum. 

On the second day the child again became more 
stuporose. He no longer cried when painful stimuli 
were applied and there appeared to be no perception of 
light although the pupils reacted briskly; he made no 
response to a bright light or to menacing movements. 
His colour again deteriorated, the skin becoming pale and 
mottled. By this time the hypotonia of the limbs was more 
marked, the tendon reflexes were sluggish and the right 
plantar response was now extensor. 

When the child was seen at chis stage a provisional 
diagnosis of a posterior fossa hemorrhage was made and 
Operation commenced forthwith. The fissure fracture 
passing across the posterior fossa was exposed and blood- 
clot seen beneath the bone. The bone opening was 
enlarged and an extradural clot about 1 cm. in thickness 
was removed. A slow ooze of blood still continued from 
the torcular region where one edge of the bone appeared 
depressed slightly. Further nibbling in this region was 
followed by a sudden gush of blood from a tear in 
the lewer end of the sagittal sinus. This bleeding 
was controlled by the application of crushed muscle. 
After the removal of the remaining portion of clot 
. the posterior fossa the wound was closed over a 

rin, 

On the following day the child’s condition improved 
siderably. There was an obvious improvement in 
tone of the limbs, but the vision still remained 
ubtful until the second day when the child began to 
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From this stage the child 
made a rapid and uneventful recovery. 


follow objects with the eyes. 


This child was the last of the series and the 
diagnosis was made without difficulty. Evidence of 
local trauma, a fracture line which crossed the lateral 
sinus and traversed the posterior fossa, drew attention 
to the posterior fossa, while the deterioration of the 
conscious state, the gross hypotonia of the limbs, 
the visual disturbance, and the recent change in the 





Fic. 17.—Case 6. 


x Tracing of radiographs showing diastasis 
of sutures and situation of extradural clot. 


plantar responses all suggested an expanding lesion 
in the region. Recovery after operation was rapid. 


Case 6.—G. B., a youth of 16 years, was riding a 
bicycle when he was struck by a motor-car and rendered 
unconscious for about twenty minutes. 

On admission to hospital soon after, he was alert but 
irritable. There was a laceration in the left occipital 
region. Initial examination revealed a systolic blood- 
pressure of 160 mm. and pulse-rate of 100; there were 
no abnormal neurological signs. Several bouts of vomit- 
ing followed and the patient continued to complain 
bitterly of severe headache. He remained mentally alert, 
though perhaps disinclined to answer questions. 

Three days later he complained of increasing head- 
ache, some intolerance of light, and double vision. 
A right external rectus weakness was found. On the 
following day he was discharged to a convalescent hospital, 
where he soon experienced difficulty in swallowing. 

He was re-admitted six days after the accident, and 
examination at this stage revealed that he was less alert 
than on the first admission, but remained rational and 
well orientated. He no longer complained of headache 
and became increasingly drowsy. When first seen at 
this stage he presented with a temperature of 100°8° F., 
pulse-rate 120, respirations 28, and systolic blood- 
pressure 116. He was flushed and roused with difficulty. 
There was complete inability to swallow and the voice 
had a nasal quality. Ophthalmological examination 
revealed well-defined edges of the optic disks but the 
veins were greatly distended, almost suggesting a throm- 
bosis of the retinal veins. There was a bilateral external 
rectus palsy, a bilateral facial paresis and a bilateral 
palatal palsy. Speech was thick and slow and coughing 
difficult. The vocal cords were not examined. Power, 
tone, and co-ordination of the limbs appeared normal 
and no abnormality of sensation was demonstrated. The 
tendon reflexes were all grossly diminished and the right 
plantar response was extensor. 

The radiographs taken previously were obtained ; 
these revealed a wide diastasis of the parieto-occipital 
and occipito-mastoid sutures (Fig. 17). 

The patient was then taken to the theatre where, 
under local anesthesia, a large extradural clot was 
evacuated from the posterior fossa. The bleeding 
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appeared to arise from the junction of the lateral and 
sigmoid sinuses, extending 2 cm. above the sinus, and 
covered the posterior aspect of the right half of the 
posterior fossa. The patient became less drowsy during 
the operation and the quality of his speech improved. 
Swallowing still proved impossible and he was main- 
tained on intravenous therapy for three days. At this 
stage a tracheotomy was performed as a prophylactic 
against respiratory infection. However, within three to 
four more days he was swallowing well. 

It is notable that the facial weakness recovered rapidly 
and the external rectus and palatal palsies on the side 
opposite the lesion recovered much more rapidly than 
those on the side of the hematoma. He continued to 
experience some double vision for some weeks, but when 
reviewed three months later he had no sequelz. 


This boy presented some interesting problems. 
Perhaps the most important was that of the differ- 
ential diagnosis of bulbar poliomyelitis. When first 
referred he presented with fever, neck stiffness, 
bilateral sixth nerve palsies, complete palatal palsy, 
and obvious paralysis of vocal cords and pharynx, 
and the possibility of poliomyelitis had to be con- 
sidered until radiographs were found and a fracture 
in the region of the transverse sinus demonstrated. 

The four cases in this group illustrate the range 
of variations which may occur. In all cases there 
is a history of a posterior impact and evidence of a 
fracture involving the posterior fossa. Neck stiff- 
ness was present in all except the infant. A gradual 
deterioration of consciousness occurred in all four. 
Frank cerebellar signs were absent in the second 
case, while in the remainder hypotonia of the limbs 
and diminished reflexes were observed. A change 
in the plantar response occurred in all. Involvement 
of cranial nerves is not easily demonstrated in 
unco-operative cases, and Case 6 is remarkably 
interesting because he remained co-operative and it 
was possible to observe the progression and recovery 
of the cranial nerve palsies. It is probable that in 
this case the onset of cranial nerve paralysis was not 
symmetrical but developed on the affected side first, 
as it was last to disappear on this side after operation. 

Palatal paralysis is an uncommon sequel to head 
injury. It is usually associated with a posterior fossa 
fracture and its association with the posterior fossa 
extradural hemorrhage has been observed by Bacon 
(1949) and Lemmen and Schneider (1952). 

Pupillary inequality and paralysis of ocular move- 
ment occurs in varying degree in most reported 
cases. The mechanism of this involvement is not 
yet clear but it seems probable that upward hernia- 
tion of the cerebellum through the hiatus tentorii 
may account for some of the paralyses observed, the 
upward displacement of the oculomotor nerve caus- 
ing paralysis of the pupillo-constrictor fibres by 
pressure upwards against the same structures to 
which the dilatation of the pupil is attributed in 
supratentorial lesions. 

The Chronic Persistent Type.—This form 
was first described by Turnbull (1944), the hema- 
toma being discovered at operation for a suspected 
posterior fossa tumour some eight months after the 
injury. Bonnal (1951) describes a similar case in 
which operation was undertaken seven months after 
injury and the extradural clot was found to have a 
calcified shell. In the discussion on this paper 
Christophe (1951) described another patient in whom 
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progression was slow, operation being performec foy; 
weeks after the injury. The only example of this 
type in this series came to operation three week; 
after injury. 


Case 7.—W. E., a male of 36 years, was picke: up 
on a main highway in a stuporose condition. Later, he 
suggested that he had been struck on the back of the 
head with a rubber cosh. 

On admission he was vague and disorientated, com- 
plaining of severe frontal and retro-orbital headache. 
No bruises or haematomata were found on the scalp, but 
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Fic. 18.—Case 7. Tracings of ventriculogram showing 
the upward displacement of the occipital horn of the lateral 
ventricle, the lateral displacement of the fourth ventricle, and 
absence of filling in the left lateral recess. 


there was marked neck stiffness. No abnormal neuro- 
logical signs were elicited and radiographs of the skull 
and cervical spine did not reveal a fracture. Lumbar 
puncture revealed blood-stained cerebrospinal fluid at a 
pressure of 210 mm. of water. The patient became 
mentally clear after two or three days, but the headache 
and neck stiffness continued. On the tenth day the 
cerebrospinal fluid pressure was 260 mm. and the fluid 
was now clear. A few days later he complained of 
disturbance of vision, and examination now elicited the 
presence of diplopia on looking to the left. Confronta- 
tion tests of the visual fields indicated a limitation of the 
right side of the visual fields. No definite papilleedema 
was Observed at this stage, but five days later it was clearly 
present. 

Ventriculography was performed. During this pro- 
cedure a thin film of clot was found beneath the burr 
hole on the left side. Subsequently, the radiographs 
(Fig. 18) showed a slight displacement of the septum 
pellucidum to the right of the midline and an elevation 
of the occipital horn on the left side. The fourth 
ventricle was displaced to the right; the lateral recess 
did not fill on the left though it was seen to be well 
filled on the right. These findings were interpreted as 
indicating a collection both above and below the trans- 
verse sinus on the left side. 

At operation a small posterior osteoplastic flap was 
raised on the left side. Only a small quantity of clot 
was found above the transverse sinus ; below this level 
a large mass of clot was seen extending down in the 
posterior fossa as far as the foramen magnum. After 
evacuation of the clot there was rapid relief from head- 
ache and visual disturbance. 


In this form the common features are a blow on 
the posterior aspect of the head, persistent headache, 
and later signs which are usually associated with 
tumours of the posterior fossa—papilloedema, ataxic 
gait, vomiting—are usual. Ventriculography is re- 


quired for diagnosis in most patients presenting i7 
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this manner. The displacement of the ventricles 
may not be very great; elevation of one occipital 
horn may be the only characteristic finding. 


CLINICAL FEATURES 


The basic pattern of the posterior fossa extra- 
dural hemorrhage may be set out as follows :— 

1. The Injury.—The impact is always received 
on the posterior half of the head. The site of injury 
may be indicated by a local contusion or laceration 
of the scalp or by more distant bruising in areas 
behind and below the mastoid process (Battle’s sign). 

2. The Fracture.—Although not always present, 
a fracture traversing the occipital bone and crossing 
the line of a venous sinus is usually found. Early 
radiography is of the utmost importance in this 
complication, as it is in all head injuries. The 
identification of a fracture in the occipital region 
will suggest the possibility of an extradural collection 
in the posterior fossa or of subdural collections in 
the anterior or middle fosse. Awareness of these 
possibilities will facilitate early diagnosis. 

3. A Lucid Interval is usual in all except the 
rapidly progressive hemorrhages and those associ- 
ated with subdural collections in the anterior or 
middle fosse. 

4- Deterioration of Consciousness is usually 
progressive, and is usually the first alarm signal. 
In the more slowly progressive forms consciousness 
is retained until a later stage and the gradual develop- 
ment of characteristic clinical signs may be observed. 

5. Neck Stiffness is a constant sign and is often 
interpreted as indicating a subarachnoid hemorrhage 
or occasionally as a fracture of the cervical spine. 

6. Vomiting is often frequent, appearing more 
common in this complication than in head injuries 
as a whole, and is probably more common than in 
other complications. 

7. Headache and pain in the occipital region 
are constant complaints. 

8. Cerebellar Signs may be determined in 
most conscious patients. Loss of tone in the limbs 
on the affected side is most frequently found ; inco- 
ordination and ataxia may also be demonstrated. 

9. Cranial Nerve Involvement is variable. 
Those most frequently involved are the 3rd, 6th, 
7th, 9th, and rth cranial nerves. 

10. Papilleedema usually develops in all the 
chronic or delayed forms. 

In cases with an acute development, progressive 
stupor and coma is accompanied by pupillary 
dilatation and cardiovascular abnormalities, to ter- 
minate in early respiratory obstruction and failure. 

In more subacute forms abnormal neurological 
signs are more easily elicited. Atonia with dimin- 
ished or absent reflexes suggest cerebellar involve- 
ment, while involvement of the lower cranial nerves 
helps to localize the lesion in the posterior fossa. 

In the chronic cases the basic pattern changes 
and often the history of a previous injury may receive 
little cognizance when the general picture of head- 
ache, vomiting, ataxia, and papilleedema so strongly 
suggest a cerebellar tumour. 


OPERATIVE INTERVENTION 


_ In early or subacute stages a vertical paramedian 
licision is made over the posterior fossa and the 
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suboccipital muscles divided and retracted while a 
burr hole is made in the underlying bone. The 
extradural collection will be apparent at once, and 
it is removed by suction and irrigation. The bone 
opening is then enlarged and the source of the 
hemorrhage sought. If a tear in the sinus is 
exposed and found to bleed it is covered with crushed 
muscle and the laceration oversewn with fine silk 
sutures. If this is not possible, it is sufficient to 
cover the area with crushed muscle and pull the 
surrounding dura up against the overlying bone edge 
with mattress sutures placed between dura and the 
overlying pericranium or muscle. 

The results of operation, if judged from the 
recorded cases, indicate a much lower operative 
mortality than that obtained in the treatment of 
middle fossa extradural collections. This would 
appear difficult to explain as the posterior fossa 
collection is more difficult to diagnose and the 
margin between life and death would appear smaller. 
Three possible explanations may be put forward. 
First, many fatal cases are unrecognized or un- 
reported ; there will be a natural tendency to report 
successful operations rather than fatalities. Secondly, 
the bleeding associated with venous sinus injuries 
is slow in producing severe compression and allows 
more time for diagnosis and exploration. Finally, 
the secondary tearing of small dural vessels as the 
dura is stripped away from the bone is probably 
much less marked on the smooth inner surface of 
the bone in this region. 


SUMMARY 


Extradural hemorrhage in the posterior fossa has 
now been described sufficiently frequently to con- 
stitute a well-defined clinical syndrome. Seven 
cases of varying degrees of severity are presented. 

The collection usually follows an impact on the 
posterior aspect of the head and is associated with a 
fracture of the posterior fossa and a tear in the 
lateral sinus. 

The clinical manifestations are very variable, but 
may be classified so that three clinical types may 
usually be identified. 

Diagnosis is suggested by an impact on the 
posterior portion of the head and a fracture crossing 
the lateral sinus. Symptoms include headache, 
vomiting, and neck stiffness. On examination, 
increasing drowsiness, pupillary abnormalities, uni- 
lateral hypotonia, and extensor plantar responses 
appear the most common clinical manifestations. 

Operative intervention is often of great urgency 
and the outcome would appear unusually satisfactory. 

The prognosis, as in extradural hemorrhage 
elsewhere, depends primarily upon early diagnosis 
and operation without delay. 
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THE SURGICAL TREATMENT OF 


COARCTATION OF THE AORTA 


By R. MILNES WALKER 


DEPARTMENT OF SURGERY, UNIVERSITY OF BRISTOL 


AND HERBERT HAXTON 


DEPARTMENT OF CHILD HEALTH, UNIVERSITY OF MANCHESTER 


IT is now eight years since Crafoord and Nylin (1945) 
first described the operation of excision of the 
narrow segment and end-to-end anastomosis in cases 
of coarctation of the aorta. But, though large series 
in America have been reported, such as that of Gross 
(1953), only 7 cases treated by operation have so far 
been recorded in this country (Wright, 1948 ; Haxton 
and Thomson, 1948; Brock, 1953; Gerbode and 





Fic. 19.—The shaded area represents the extent of the excision 
when only a crescent is removed. 


Bourne, 1951). This is one reason for putting our 
combined experience on record. The operation is 
never an easy one and may be one of the most trying 
in surgery, so that any modification which renders 
it less difficult yet gives an equally good result is 
worth careful consideration. We describe such a 
modification which has been used in a large pro- 
portion of our cases. The introduction of free 
arterial grafts, too, has rexdered it technically possible 
to restore the continuity of the aorta in cases where 
this could not be done by direct end-to-end anasto- 
mosis, and has thus widened the scope of surgical 
treatment. We record 2 cases in which grafts have 
been used. 

Although survival to old age can occur in un- 
treated cases, the majority die young. Published 


figures indicate an average age at death of 35 years, 
and 50 per cent die before the age of 30. It is the 
responsibility of the surgeon to pick out for operation 
the cases in which the prognosis is relatively un- 
favourable, and this must be done as a rule when the 
patient is still young and free from symptoms if good 
results are to be obtained. It is, therefore, most 
important to be quite clear regarding the indications 
for operative treatment. Since early death, from 
congestive heart failure, rupture of the aorta, or 
cerebral hemorrhage, is as a rule a direct consequence 
of the high pressure necessary to maintain the 
systemic blood-flow against the high resistance, a 





Fic. 20.—Crescents removed in two cases of coarctation of 
the aorta. 


blood-pressure in the upper limbs which is much 
above normal is taken as an important factor in 
favour of operation. The absence of palpable femoral 
pulses, too, is an index of a severe degree of constric- 
tion and of inadequate development of the collateral 
channels, and this, in our view, is the second impor- 
tant indication for surgical treatment. In young 
patients whose blood-pressure is only slightly elevated 
there is no reason why a waiting policy should not be 
adopted up to the age of 14 or 15, but if by then they 
have not established sufficient collateral circulation 
to render the femoral pulses palpable operation should 
be advised. 

Operation in adult patients carries a greater risk 
partly because of the damaged myocardium and 
partly because the degenerative changes and loss 
of elasticity in the wall of the aorta render it less 
reliable for suturing and healing. We consider tha‘, 
in general, the operation should be restricted to 
patients under the age of 30 years and that the 
optimum age period is § to 15 years. In addition t» 
age, severe valvular disease of the heart (and thes? 
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patie: ‘s seem particularly liable to rheumatic mitral 
steno is) is a contra-indication to operation, and so 
is evi.ence of a myocardium so damaged as to render 
the ooeration very hazardous. 

The modification which we have adopted in 
suitable cases has been a wedge-shaped excision of 
only .wo-thirds or three-quarters of the circumference 
of the stricture, along with a crescent of the lateral wall 
of the aorta above and below the stricture (Figs. 19, 
20). This is possible only in cases where the stric- 
ture is short and in which the aorta has a transverse 
sulcus on its lateral wall at the level of the coarctation. 
Fortunately this is much the most common form, 
the stricture and sulcus being at the level of the 
ligamentum arteriosum, and we have been able to 
use this procedure in about 13 of our 27 cases. In 
all cases of short coarctation at the usual site the 
aperture is eccentric, lying medially, so that by 
leaving this portion of the wall intact little or no 
ridge is left projecting into the lumen when the 
anastomosis is complete. The main advantage is 
that a bridge of living tissue is left across the line 
of anastomosis which takes some strain off the suture 
line and which may possibly allow some growth in 
circumference, a desirable result which is prevented 
if a continuous non-absorbable suture is employed 
after a complete excision of the segment. In addition 
it reduces the amount of suturing required and cuts 
down the time of what is in any case a long operation. 





h'1G. 21.—The shaded area represents the extent of the excision 
when the coarctation is completely removed. 


The method, however, is not suitable if the ductus 
is patent, and in this event a complete excision should 
be carried out. (Figs. 21, 22.) 


RESULTS 


In all, we have treated by operation in Bristol and 
Manchester 27 cases, ranging in age from 10 months 
to 26 years, with an average of 13 years. The sex 
incidence has been predominantly male, there being 
on'y 6 females in the series. 

The types of operation, the outcome, and the 
eff:ct on the blood-pressure are shown in Table I. 
There have been 2 operative deaths, both due to 
caiises which might have been avoided. This gives 
an overall mortality-rate of 7-4 per cent; there were 
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no deaths in the last 18 cases. All the surviving 
patients, except those recently operated on, are 
leading normal active lives and have been followed 
for periods up to six years. 

Cases which presented special 
recorded in greater detail. ° 

Case 15: It is exceptional to operate for aortic 
coarctation in an infant. In this 10-month-old patient 
surgical intervention was deemed necessary partly 
because of the high blood-pressure—180/120—but 
more because he had had two attacks of pulmonary 
congestion which were almost fatal. Operation at 


features are 





FIG. 22.— Portion of aorta removed from a case in which the 
ductus arteriosus was patent. 


this age presented some problems. Would the 
collateral circulation be sufficiently developed to 
allow clamping of the aorta for the necessary time, 
and would the aortic wall below the coarctation be 
sufficiently robust to hold the sutures? In effect, 
the operation, a crescent excision and anastomosis, 
provided no real difficulties and, although the aortic 
wall below the stricture was certainly thin, recovery 
was uneventful. The blood-pressure 14 months 
after operation was 105/60. 

Case 23: Examples of the right subclavian artery 
arising from the aorta below a coarctation are 
extremely rare, and as far as we can ascertain the 
condition has not previously been diagnosed during 
life before thoracotomy. This abnormality was dis- 
covered during a routine examination in a girl of 
10 years. The femoral pulses were absent and so 
was the right radial pulse ; the blood-pressure in the 
left arm was 150/90, but it could not be measured on 
the right side ; radiography showed a vessel passing 
behind the cesophagus at the level of the 4th dorsal 
vertebra (Fig. 23). At operation this was shown 
to be arising from the aorta immediately below the 
coarctation ; there was also a patent ductus and so 
a complete excision and anastomosis was performed. 
At the same time the abnormal right subclavian was 
ligatured as it was felt that it might otherwise lead 
to dysphagia. A few days later a pulse was felt at 
the right wrist for the first time, indicating that the 
right subclavian artery had been serving as a collateral 
to the coarctation. 

The cases in which arterial grafts, stored by 
freezing, were used are worthy of note as illustrating 
their value :— 

Case 17: A man of 24 years was found to have 
a cardiac abnormality when in hospital for appendi- 
cectomy ; his blood-pressure in the arms was 210/110. 
At operation, the coarctation was rather longer than 
usual and contained a calcified plaque at the junction 
of the ductus arteriosus and the aorta; another 


unusual feature was that one pair of intercostal 
arteries arose from the aorta above the coarctation. 
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In only one other case in this series was this observed. 


When the stricture was excised it was found to be 


occluded by old thrombus. Attempts to suture the 


ends together failed as the gap was too large and the 


Table I.— COARCTATION OF THE AORTA: 


Case 18: 


SURGERY 


This was a boy of 18 years who was 


admitted to hospital on account of rigors a fortn ght 
after a motor-cycle accident when he had susta ned 
abrasions of his hand ; Staph. aureus was obtained 


DETAILS OF CASES 
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2 B = 7 BLOOD-PRESSURE 

t RISTOL ; REDOMINANT TYPE OF DATE OF + oe 

No. | INITIALS | Sex| AGE . SYMPTOM OPERATION OPERATION COMMENTS 
MANCHESTER Before After 

I M.E. | M.| 12 B. Malaise 160/105 | 135/85 | Crescent excision 4.11.47 _ 

2 = F. 7 M. Underweight 140/70 | 105/50 | Complete excision 28.11.47 Patent ductus arteriosus 

3 C.F. |M.]| 26 M. Headache 145/90 | 115/85 | Complete excision 29.12.47 _ 

4 Ao M. | 12 B. Subarachnoid | 160/120] 120/80 | Crescent excision 26.4.48 Calcified opacity. ? hama- 
toma seen on radiograph 
four years later 

A.B. | M.] 15 M. Dyspnea 190/110 | 140,90 | Complete excision 30.7.49 _ 
6] W.C. | M. 7 B. Failure to gain | 140/90 a Crescent excision 21.9.50 Died. Acute tracheo- 
weight bronchitis third post- 

operative day 

¥ Pp. S. M. 8 B. None 180/100 | 120/80 | Crescent excision 20.11.50 —_ 

8 M. P. F, 23 B. None 220/11§ | 140/80 | Crescent excision 19.1.§1 _ 

9 S. P. F. II B. Underweight 160/110 os Crescent excision 1.2.51 Died. Rupture of suture 
line sixth post-operative 
day. (Chorea age 8, 
mild mitral stenosis 
present) 

10 F.H. |M.]| 12 M. Dyspnea 160,95 125,85 | Crescent excision 1.4.51 _ 

II W.L. | M.| 10 B. None 190/110] 130/90 | Crescent excision 26.4.§1 _ 

12} D.M. | M. 9 M. None 145/80 100,65 | Crescent excision 19.7.§1 — 

13 et M. II M. None 140,90 110,90 | Crescent excision 21.9.5! _— 

14 J. W. | M. s M. None 180/110 | 130,80 | Complete excision 23.6.§2 —_ 

15 D.S. | M.]| 10 M. Pulmonary con- | 180/120 | 105/60 | Crescent excision 25.7.§2 _— 

mth. gestion 

6) D.S. 1[M.1 23 B. None 150/90 | 120/60 | Complete excision 28.7.52 — 

17 G.C. | M.]| 24 B. None 210/110 | 135/185 | Excision and graft 1.1.§3 Ductus patent, partly cal- 
cified. Lumen of aorta 
occluded by thrombus 

18 B. B M. | 18 B. Pyzmia 120/70 | 130/90 | Division and graft 10.2.53 Aneurysm below coarcta- 
tion by-passed by arterial 
graft 

19} M.C F. 21 M. Cerebral hemor- | 200/110 | 140,70 | Complete excision 23.4.53 se 

rhage 

20 J. B. M. | 18 B. Breathless 200/120 | 170,90 | Crescent excision 15.5.53 _ 

21 in M. 10 B. None 170/120 | 120/80 | Complete excision 22.6.§3 Patent ductus arteriosus 

22 | M.B. | M. 8 M. None 175/80 | 110/65 | Complete excision 17.7.53 Patent ductus arteriosus 

23 J. N. F. 10 B. None 1§0/90 | 110,70 | Complete excision 1§.9.53 Right subclavian artery 
arising from aorta below 
coarctation 

24 P.C. | M.]| r0 B. None 180/70 | 120/70 | Complete excision 6.10.53 Patent ductus arteriosus 

25 E. B. M. | 17 B. None 170/80 _ Complete excision 19.10.§3 Patent ductus arteriosus 
Small aneurysm jus 
above coarctation 

26 | M.M. | F. II M. None 160/90 a Complete excision 23.10.53 — 

27 5. &. M.| 16 B. None 170/100 | 135/110 | Crescent excision 27.10.53 — 

stitches cut out. An arterial graft 4 cm. long was_ from both the abrasions and on blood-culture. He 


therefore inserted. The patient made an uninter- 
rupted recovery and resumed his work as an acid 


man in a steel works three months later. 
blood-pressure ten months later was 135/85. 


The 


responded well to penicillin. 
in the arms was only 120/70, but the femoral pulscs 


were impalpable. 


The blood-pressure 


At thoracotomy some months 


later, immediately below the coarctation there ws 
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founc an aneurysm § cm. in diameter, with which 
the uoper four left intercostal arteries communicated 
(Fig. 24). When an attempt to free the aneurysm 
from the lung was made, troublesome bleeding 
occurred and the wall of the aneurysm was felt to 
et thinner and thinner as it passed over to the right 
side. The intercostal arteries entering the aneurysm 
on the left had already been ligatured and divided 
in the hope that the aneurysm could be excised, but 
this was deemed too risky so it was decided to divide 





pulses absent. 
arctation was 
developed a fulminating tracheobronchitis, and in 
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At operation a crescent of the co- 
excised ; afterwards the patient 





FiG. 23.—Case 23. Shows indentation of the cesophagus at the level of the 4th dorsal 
vertebra, due to the right subclavian artery. 


the aorta above the coarctation and by-pass the 
aneurysm by the use of a graft. The only suitable 
graft in the bank at the time was an external iliac 
artery, and this graft, 7 cm. long, was inserted by an 
end-to-end anastomosis above and an end-to-side 
anastomosis below. A good flow through the graft 
was obtained, and after operation the femoral pulses 
were palpable. During the subsequent twenty-four 
hours there was considerable drainage from the chest 
cavity, but after an intra-arterial transfusion the 
patient made steady progress. He returned to his 
work as a motor mechanic nine weeks after his 
operation, and a radiograph after ten months shows 
no further enlargement of his aneurysm. 

Delay in treating these cases incurs the risk of 
sudden disaster, as might have occurred in the 
following example :— 

Case 25: A boy of 17 was found to have a cardiac 
abnormality at the age of 8, after a fainting attack ; 
he had no symptoms and feeble femoral pulses were 
palpable; the blood-pressure was 170/80. At 
operation a thin-walled aneurysm I cm. in diameter 
was discovered protruding from the aorta immediately 
above the coarctation ; fortunately it was possible to 
excise it along with the coarctation and make an 
end-to-end anastomosis. 

The following are details of the fatal cases :— 

Case 6: A boy aged 7 was described as always 
weak and undersized; his weight was 3 st. 11 Ib., 
tie blood-pressure in the arms 140/90, and femoral 


spite of a tracheotomy and repeated aspiration of the 
bronchial tree, he died two days later. A course of 
penicillin had been started the day before operation. 





Fic. 24.—Case 18. A, The aneurysm immediately below the 
coarctation; B, The graft in place after division of the aorta 
above the coarctation. 


At post-mortem examination there was a thick 
membranous exudate in the large bronchi; the 
aortic valve showed a large non-coronary cusp, the 
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other two cusps being quite small; streaks of 
atheroma were present in the ascending aorta; the 
suture line was satisfactory. The pus from the 
bronchi contained staphylococci which varied from 
colony to colony in their sensitivity to penicillin. 

Case 9: A girl of 11 years had been known to 
have a cardiac abnormality since the age of 3. When 
8 years old she had chorea and she later became 
breathless on effort. The blood-pressure was 
180/110 in the right arm and 140/90 in the left. 
In addition to a loud systolic murmur an apical 
presystolic murmur was present, and a thrill palpable ; 
the left auricle was enlarged, and it was thought 
likely that she had mitral stenosis. A crescent of 
the coarctation was excised ; the aorta between the 
left subclavian artery and the coarctation was small, 
about the size of the subclavian artery, but below 
the coarctation it was dilated and thin walled. 
Progress was satisfactory for five days, then she 
collapsed and died in a few minutes. It was found 
that the anterior sutures had cut out of the thin- 
walled lower edge; the aorta showed moderate 
atheroma; mitral stenosis, probably rheumatic, as 
well as aortic valve disease causing regurgitation 
was present. 


DISCUSSION 


In 13 of the 27 cases reported a crescent consisting 
of two-thirds to three-quarters of the circumference 
of the aorta was excised. Our impression is that, in 
suitable cases, this gives a lumen at the suture line 
which is little, if any, less than that obtainable by 
complete excision and anastomosis. Crafoord (1951) 
considers that an opening 60 per cent of the diameter 

















Table II.—COMPARISON OF FALL IN BLOOD-PRESSURE 
BETWEEN CRESCENT AND COMPLETE EXCISION 
AVERAGE FALL IN 
No. OF BLOOD-PRESSURE 
CASEs* 
Systolic | Diastolic 
Crescent excision 10 48 25 
Complete excision 9 45 24 














* Cases followed for less than two months excluded. 


will lead to complete functional cure. There is no 
doubt that it is an easier and quicker operation, and 
the bridge of tissue plays an important part in holding 
the segments together. Our results with this pro- 
cedure appear satisfactory as judged by the fall in 
blood-pressure and by the quality of the femoral 
pulses in the survivors, followed for periods up to 
six years. The reduction in blood-pressure has been 
of the same order as that obtained by complete 
resection of the coarctation (Table II). 
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SURGERY 


Of the 12 cases in which complete excision © the 
coarctation with end-to-end union was perfor: ed, 
5 had a patent ductus arteriosus and in each it was 
a thin-walled vessel which required delicate hand ing, 
In the remaining 2 cases grafts were employed, in 
one to bridge the gap after excision of an unusually 
long coarctation, and in the other to by-pass an 
aneurysm which could not be removed. There js 
no doubt that the availability of suitable arterial 
grafts increases the scope of operative treatment 
by making relief of the constriction possible in cases 
which were formerly regarded as beyond repair. 
It does away, too, with the need to try to show the 
length of the stricture by aortography, a measure 
which we have found disappointing. 

The intercostal arteries are large and thin-walled, 
and must be dissected out carefully. As a rule it is 
unnecessary to ligate any of them. Occasionally, 
however, one or two intercostal arteries arise above 
the level of the coarctation, a condition present in 
2 of our cases, and these may require to be divided 
in order to secure mobilization of the aorta. We 
have noted that it is not uncommon for the pair 
which leaves the aorta immediately below the con- 
striction, that is the pair to the third intercostal 
spaces, to show less enlargement than the next two 
or three pairs. In addition, in some cases a branch 
comes off the back of the aorta just above the co- 
arctation and can be troublesome during the freeing 
of the aorta; if present it usually requires ligation 
and division. 

Although most of our cases were symptom-free 
before operation, yet in the case of children parents 
often reported that after operation they appeared 
to be able to do more and were less easily tired. 
One boy aged 15 cycled 130 miles in a day two years 
after his operation. Adults who were conscious 
of the pounding of the heart in the chest or the 
arteries in the neck and head were relieved of their 
symptoms. 

It may take some weeks or months for the 
blood-pressure to fall to its full extent; in ail our 
cases the final level has been much below the pre- 
operative one and has remained so even in the 
longest follow-ups. There can be no reasonable doubt 
that the prognosis for survival has been improved 
by this reduction. 
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THE SURGICAL TREATMENT OF PATENT DUCTUS ARTERIOSUS 
A REVIEW OF FIFTY CASES 
By IRENE S. CADE 


DEPARTMENT OF SURGERY, UNIVERSITY OF BRISTOL 


LIGATION of a patent ductus arteriosus was suggested 
by Munro in 1907, when the diagnosis appears to 
have been a matter of some difficulty and was not 
based on any definite criteria. It may be for this 
reason, and because of technical and anesthetic 
problems, that the operation was not carried out 


until 1938, when Gross performed his first four 
| operations without a death (Gross, 1939). 


The 
first successful ligation of an infected ductus was 


| carried out by Tubbs in 1939 (Keele and Tubbs 


1940 ; Tubbs, 1944). Following this, rapid progress 


was made in surgical treatment of this abnormality. 


PROGNOSIS IN UNTREATED CASES 
The prognosis in untreated cases of patent ductus 


' arteriosus is difficult to assess, as the number of 
| patients who remain symptomless cannot be accurately 
\ determined, but in an analysis of 60 cases in adults, 


Keys and Shapiro (1943) found that four out of 


3 five patients eventually succumb to the effects of the 
» ductus and that the average life expectancy was 
| reduced by 25-5 years. 


It is well known that the presence of a patent 


ductus arteriosus entails the risk of certain complica- 


tions. These include cardiac failure, bacterial endo- 
carditis, retarded physical development, pulmonary 


’ hypertension, and, rarely, aneurysmal dilatation and 


rupture of the ductus. Both cardiac failure and 
endocarditis tend to occur in young adults, the 
maximal incidence being between 16 and 25 years 
of age, and in most patients there have been no 
previous symptoms of note. Cardiac failure is 
usually progressive and rapidly fatal (Keys and 
Shapiro, 1943), unlike the prolonged invalidism 
which occurs, for example, in rheumatic heart disease. 
Bacterial endocarditis also carries a high mortality- 
rate, and even though it may now be controlled by 
antibiotics, the recurrence rate is high in the absence 
of surgical closure of the ductus. 


INDICATIONS FOR SURGICAL 
TREATMENT 


The indications for operation have gradually 
widened since 1939, when it was reserved for those 
cases in which complications were threatened or had 
arisen. In the United States of America it is now 
generally accepted that the presence of a patent 
ductus is in itself sufficient indication for surgery, 
with the exception of certain patients who are first 
seen in late adult life (Gross and Longino, 1951). 
In this country, however, the advisability of surgery 
in al! cases has not been universally accepted. Benn 
(1947) limited the indications for operation to 
recovered bacterial endo- 
card:tis, cardiac embarrassment, and poor physical 
deve opment. Bourne (1945) also advised reserving 
surg cal treatment until the onset of infection or 
card ic failure, and only in exceptional circum- 
Stan es for poor development. East (1945), however, 


| advi ed operation in all cases, with few exceptions, 


as did Gilchrist, Holmes Sellors, and Tubbs (Inter- 
national Conference of Physicians, 1948). 

Surgical closure of the ductus restores the anatomy 
to normal and thus prevents the development of 
complications. In addition a certain number of the 
uncomplicated cases complain of symptoms such as 
breathlessness on exertion and undue fatigue ; and 
in many of the so-called symptomless patients a mild 
disability is in fact present, as indicated by the 
marked improvement in general well-being noted 
following closure of the ductus. The psychological 
effect of the presence of a known abnormality may 
also have a harmful effect, and the limitation of 
activity frequently imposed on symptom-free children 
may lead to the development of a cardiac neurosis. 
Economic disability may also be entailed by the 
presence of the murmur ; professions such as military 
and civil service are closed to these patients and they 
are at a disadvantage in regard to life assurances. 

The difficulties and dangers of the operation are 
increased if it is delayed until adult life, as the 
ductus becomes shorter with increasing age, adhesions 
about it become more dense, and the walls more rigid 
and friable (Potts and others, 1949). The risks are 
further increased bythe development of complications. 


AGE AT OPERATION 


The optimal age for operation is from 5 to 10 
years. It may be carried out earlier than this if 
symptoms are manifest or if there is evidence of 
cardiac enlargement. When the diagnosis is not 
made until adolescence or early adult life immediate 
operation should be advised ; but in later adult life 
the risks of the operation become such that it is 
probably wiser to advise against it in the absence of 
symptoms. However, if symptoms are manifest, or 
if complications, particularly bacterial infection, have 
arisen, closure should be undertaken at any age. 

In infected cases a preliminary course of an 
antibiotic is given in order to control fever and 
obtain a negative blood-culture, thus rendering the 
operation simpler and safer. 


CHOICE OF OPERATION 


There has been much discussion in the literature 
on the relative merits of ligation and division of the 
ductus. Whereas division is generally said to carry 
a lower risk of recanalization, it does not completely 
abolish this possibility and it is certainly a more 
difficult and dangerous procedure than simple liga- 
tion. Numerous modifications of both techniques 
have been devised; Gross followed his simple 
ligation by injection of 60 per cent glucose between 
the ligatures, and in a later series undertook division 
in most cases. In 1946 Blalock devised his suture- 
ligation technique, and questioned the necessity and 
safety of division. Holmes Sellors (1948) used 
ligation only in 46 cases, but stated that recanalization 
cannot be excluded by this method. In a recent 
series of 290 cases in Stockholm, reported by Ekstrém 
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(1952), double ligation was used in the milder cases 
and division was performed when the ductus was 


short and wide. 


The greater risks entailed by division are not 
disputed ; hence ligation would be preferable if it 
In the present 


can be shown to be equally effective. 
series, ligation has been used in all except 2 cases. 


The purpose of this paper is to illustrate that 
ligation of a patent ductus is a safe and effective 
procedure when carried out in young patients in 


the absence of complications. 
ANALYSIS OF CASES 


Incidence.—The series now under review con- 
sists of 50 patients operated on at the Bristol Royal 
Infirmary and the Bristol Children’s Hospital since 


1946 by members of the surgical professorial team. 


The sex incidence shows the usual preponderance 
of females, as there are 30 females and 20 males. 
The average age at operation was 9-5 years and 39 
of the 50 patients were from 5 to 15 years of age. 
Six patients were under the age of 5 years, the 
Operation was 
undertaken at an early age in these patients because 
of the development of symptoms or of radiological 
evidence of an enlarging heart. Only 5 patients were 
over the age of 15 years, the eldest being 33 years. 
This patient was operated on because she also had 
mitral stenosis, the symptoms of which were aggra- 


youngest being 2 years § months. 


vated by the patent ductus. 


A definite family history of patent ductus 
arteriosus was obtained from only 1 patient whose 
In one other 
case a sister had had heart disease, but the nature 


mother had died of an infected ductus. 


of this was not known. 
Symptoms. 





tion or during an intercurrent illness. 


on medical advice. 


made. 


lin and re-admitted three months later for operation. 
Two others developed attacks of unexplained fever, 
suggestive of endocarditis, though this was not 
proved. 


Eleven patients first presented complaining of 


breathlessness on effort, or undue fatigue ; 1 of these 
had had attacks of suspected endocarditis, and 1, a 
woman of 33 years of age, had, in addition to the 
patent ductus, rheumatic mitral stenosis and auricular 
fibrillation. 


SYMPTOMS IN PATENT DucTus ARTERIOSUS 


Symptom Pics vl Percentage 
None 29 58 
Breathlessness or undue 
fatigue _ 18 36 
Suspected infection 4 8 


Poor physical develop- 
ment 10 20 

Also included in this group is a girl aged 24 years 
who was asymptomatic and undiagnosed until two 


years prior to operation when she developed attacks 
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In 39 patients the diagnosis was 
made initially at a routine school or service examina- 
Of these 
29 remained symptomless throughout, amongst whom 
there were 2 patients whose activities had been limited 
In 7 mild breathlessness on 
exertion was noted subsequent to the diagnosis being 
One was admitted at the age of 9 years with 
bacterial endocarditis, a positive blood-culture being 
obtained. She was treated successfully with penicil- 


SURGERY 


of bronchial asthma. These have apparently beep 
abolished by closure of the ductus, which may haye 
been acting as the trigger mechanism, as no further 
attacks have occurred in the year which has el: psed 
since operation. 

Poor physical development was observed in jo 
patients in the series. The frequency of symptom; 
is summarized in the table. 

Among the asymptomatic patients is included , 
boy of 6 years of age who had no symptoms referable 
to the ductus but who suffered from petit mal con. 
trolled by tridione. This is of interest as he ha; 
not had any fits in the four years following the 
operation and has discontinued the tridione. The 
association of convulsion-like seizures, often epilepti- 
form in character, with congenital heart lesions which 
permit venous shunting, but not necessarily accom- 
panied by cyanosis, has been described by Leech 
(1932). He mentions that it has occurred in simple 
patent ductus arteriosus. 

Signs.—The diagnosis im all patients was based 
on the presence of the characteristic basal machinery 
murmur, and a thrill was palpable in 34 of them. 
Clinical evidence of cardiac enlargement was observed 
in only 2 patients and there were no cases of cardiac 
failure. The patient with associated mitral stenosis 
had, in addition to the basal thrill and machinery 
murmur, a loud mitral first sound and presystolic 
apical murmur. 

The pulse pressure was raised in most patients, 
the average figure being 54 mm. Hg and the maximum 
95 mm. Hg in the 40 cases in which a pre-operative 
figure is available. 

There was some radiological cardiac enlargement 
in I9 patients and enlargement of the pulmonary 
conus was noted in most. Of those patients in whom 
an electrocardiogram is available, it was normal in 
19; 3 showed slight right axis deviation; and 4, 
including the patient with mitral stenosis, showed 
slight left axis deviation. 

Operative Technique.—The anesthesia used 
in most of the more recent operations was induction 
with pentothal, gas, oxygen and ether, followed by 
maintenance with curare and pethidine. Cyclo- 
propane was used in some of the earlier ones. 

The operation is carried out through a left 
lateral thoracotomy with resection of the fifth rib. 
The diagnosis is confirmed by the presence of the 
thrill in the ductus and the pulmonary artery, 
maximal in the latter. Incision of the mediastinal 
pleura over the aorta posterior to the vagus nerve, 
which is then retracted forwards, exposes the aortic 
end of the ductus with the recurrent laryngeal nerve 
winding around it. Dissection of the ductus 1s 
commenced here and must be carried out deep to 
the adventitia of the aorta. 

Double ligation with strong silk is the routine 
procedure, the ligaturés being applied as far apart 
as possible in order to obtain a cushion of the ductus 
between the two. In some cases in which one 
ligature appeared to have ridden inwards on the 
ductus, a third was applied. In 1 patient an addi- 
tional central transfixion ligature was used. In 2 
patients accidental tearing of the ductus du-ing 
dissection necessitated division and suture. 

Post-operative Course and Complications.— 
In the majority of patients the post-operative course 
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| in only 6 patients. 


) tioned. : : : 
' nerve was damaged in controlling the bleeding. 
' This resulted in post-operative stridor which necessi- 


has be-n uneventful and the average duration of stay 
in hospital after operation was 13°6 days. 

The machinery murmur was abolished immedi- 
ately on ligation in all patients, except a recent one, 
in whom there is considered to be an associated aortic 
stenosis with incompetence. In a few patients a 
systolic murmur persisted in the pulmonary area for 
some days after operation and an apical systolic 


/ murmur was noted in several others. 


Complications occurred during or after operation 
Hemorrhage from tearing of the 
ductus occurred in the 2 patients previously men- 
In one of these the recurrent laryngeal 


tated tracheotomy twelve hours after operation. The 
tube was removed a week later with subsequent com- 
plete recovery, and when the patient was last seen 
four years after operation there was no disability, 
and no abnormality of the voice could be detected. 
The other patient in whom hemorrhage occurred 
developed a small left pleural effusion which absorbed 
spontaneously. In one patient the heart developed 
ventricular rhythm during operation ; normal rhythm 
was restored by temporary inflation of the lung. 
The operation was then completed without difficulty 
and convalescence was uneventful except for a small 
left pneumothorax which resolved spontaneously. 

Post-operative collapse of the left lung occurred 
in 2 patients and in each re-expansion was spon- 
taneous. A persistent wound sinus required excision 
in I case, with subsequent complete healing. There 
has not been a death in the series. 

Follow-up.—Of the 44 patients in whom at least 
six months have elapsed since operation, recent 
information is available in all except one boy, who was 
last seen two months after operation and was then 
well and had no murmur. Forty-three patients have 
therefore been followed up for periods ranging from 
7 months to 7$ years. 

Symptoms.—Twenty-five of the 29 asympto- 
matic patients are available for study; of these, 17 
have noticed increased activity and are less easily 
tired than prior to operation. The improvement in 
general strength and well-being observed by the 
parents of these patients is striking ; included amongst 
them is the boy who had been subject to epileptiform 
attacks pre-operatively. Of the remaining 8 patients 
in the asymptomatic group, 7 have remained well 
with full activity, but have not noticed any alteration 
since operation. In one of these the ductus was 
thought at operation to be obliterated. This boy, 
aged 6 years, was poorly developed and pre- 
operatively the typical machinery murmur had been 
present when he was sitting up, but not when lying 
down. In spite of the rather negative operative 
findings, the ligamentum arteriosum was ligated and 
post-operatively a murmur was not audible. The 
absence of the murmur was confirmed at follow-up 
examination three years after operation. The eighth 
cas: in this group was the second of the two patients 
in vhom division of the ductus was necessitated by 
heinorrhage. She complained of slight breathless- 
nes on severe exertion which was insufficient to limit 
her activities and for which no cause can be found. 
Marked improvement is apparent in 16 of the 17 
nts available in whom some degree of dyspnoea 
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has been noted pre-operatively. They no longer 
complain of any breathlessness, have greater energy, 
and are less prone to fatigue. One, although im- 
proved and less breathless, still becomes rather easily 
tired. The patient with associated mitral stenosis 
and auricular fibrillation is considerably improved. 
Although still aware of her fibrillation, she is leading 
a normal life and doing her own housework, which 
she was unable to do pre-operatively. 

Increased rate of growth following operation was 
commented on by the parents in 10 cases. The 
average weight gain in six months after operation 
was 7 lb. The weight gain was particularly striking 
in the adults, in most of whom an increase of 14 lb. 
to 28 lb. was noted. 

The parents of 7 of the children noticed increased 
mental alertness or improved progress at school. 

Signs.—Of the 43 patients under consideration, 
the thrill and machinery murmur have disappeared 
in all, and in 34 there are now no abnormal physical 
signs and a murmur cannot be heard. Of the 
remaining 9, 5 have a systolic apical murmur which 
is considered functional, and 2 have soft pulmonary 
systolic murmurs, one of which is considered to be 
within normal limits and the significance of the 
second is not as yet certain. One child has a loud 
systolic murmur heard both in the pulmonary area 
and at the apex, maximal between the two. This 
boy is thought to have an associated mild pulmonary 
valvular stenosis. The remaining patient with 
persistent physical signs is the girl with mitral 
stenosis in whom the basal machinery murmur has 
been abolished, but the apical presystolic murmur 
and auricular fibrillation persist. 

A fall in pulse pressure, mainly due to a rise in 
diastolic pressure, occurred immediately on ligation 
in almost all cases and has been maintained. The 
average post-operative pulse pressure is 34 mm. Hg, 
representing an average fall of 20 mm.; and the 
maximum found post-operatively was 60 mm. as 
compared with 95 mm. pre-operatively. 

In 10 of the patients in whom the pre-operative 
radiograph showed some degree of cardiac enlarge- 
ment, the heart has decreased in size in the post- 
operative films. In 6 there has been no appreciable 
alteration in the size of the heart, but it is relatively 
smaller if the growth of the patient is taken into 
consideration. 


SUMMARY AND CONCLUSION 


In this series of 50 patients in whom closure of a 
patent ductus has been carried out, there has not 
been a death, and post-operative complications have 
been few and have not resulted in any permanent 
disability. The majority of the patients have shown 
considerable improvement as a result of operation ; 
none of the complications to which ductus patients 
are subject have arisen post-operatively and no 
proven recurrence has occurred. 

In view of the very small operative risk it is 
recommended that in all children in whom the 
ductus arteriosus is still patent at the age of 6 years, 
operation for ligation of the ductus should be carried 
out. The results indicate that adequate ligation is 
sufficient to prevent recurrence, and the more formid- 
able operation of division is only necessary in 
exceptional cases. 
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My thanks are due to Professor R. Milnes Walker 
and Mr. R. E. Horton for help in preparing this 
paper and for permission to study these cases. 
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REMARKS ON FIFTEEN CASES OF SMALL-BOWEL OBSTRUCTION 
FOLLOWING ANTECOLIC PARTIAL GASTRECTOMY, AND ONE CASE 
FOLLOWING RETROCOLIC PARTIAL GASTRECTOMY 


By ProFessor F. A. R. STAMMERS, C.B.E., BIRMINGHAM 


INTRODUCTION 


IN July, 1952, I reported in this JOURNAL a case of 
small-bowel obstruction developing during con- 
valescence from an antecolic partial gastrectomy 
(afferent loop to lesser curve) for duodenal ulcer. 
This was the result of a coil of jejunum slipping 





Fic. 25.—Efferent loop passing from right to left through the 
gap and back into the greater sac again. 


through the gap bounded in front by the anastomosis 
and behind by the transverse colon. I also included 
in that short communication the notes of two some- 
what similar cases, one kindly sent to me by Mr. Wm. 
Doolin, of Dublin, and the other by my colleague, 
Mr. B. N. Brooke. As a result of these cases I 
suggested that at the end of any antecolic type of 
partial gastrectomy this gap should be closed in the 
same way as one closes the opening in the mesocolon 
after a retrocolic operation, or the left or right 
paracolic gutters following colostomy and ileostomy 
respectively. 

So far as I can ascertain these were the first 
instances of this complication to be published, but 
since then Mr. J. Bagot Oldham, of Liverpool, has 


recorded 1 case (1953), and Dr. John P. West, of 
New York, has reported 3 more cases (1953). Asa 


result of my own contribution, I have received from 
different parts of the world notes of 9 more cases, 
making 16 in all, and I am grateful to the surgeons 
concerned for their co-operation. 


The common 
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FiG. 26.—Efferent loop passing from right to left through the 
gap, becoming adherent to the spleen in the lesser sac. 


factor in 15 of the total is the obstruction of a loop 
of small bowel as the result of its slipping through 
the hiatus formed by the anastomosis in front and 
the transverse colon behind. Only in a single case 
did obstruction develop following a retrocolic opera- 
tion. However, even in the 15 cases the mechanism 
varied, and the object of this second communication 
is to describe in greater detail the different mechanism 
involved, and to stress once again that the only way 
of preventing it is to obliterate the space by stitches. 


THE PRIMARY OPERATIONS 


Including Oldham’s and West’s cases, tiere 
are 16 cases for analysis. So far as the original 
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partial gastrectomy is concerned, 15 were antec lic 
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YBSTRUCTION FOLLOWING 
opera: ons and 1 retrocolic, the latter being of the true 
Polya ‘ype; i.e., afferent loop to lesser curve. Four- 
‘teen 0 the antecolic operations also had afferent-loop- 
) to-lesscr-curve anastomoses, and in at least 5 the 
) afferent loop was a long one—12-18 in. The re- 
) maining antecolic operation was of the Moynihan type 
| of reconstruction, i.e., efferent loop to lesser curve. 





FiG. 27.—This shows the omentum having passed from 
right to left behind the anastomosis and becoming adherent 
to the front of the stomach and efferent loop. 





Fic. 29.—Showing efferent loop passing from left to right 
through gap. 


GENERAL FEATURES OF THE CASES 


__ Having briefly mentioned the basic points of the 
initial operation, the details of the subsequent 
obsiruction will be given, beginning with the 
me hanical features. 

In 7 cases a loop of jejunum, about 18 in. beyond 
the anastomosis, had swung across the abdomen to 
the right, and then passed from right to left through 
th: gap behind the anastomosis and on into the lesser 
sa or back again into the greater sac. (Figs. 25, 26.) 
T) \s was the kind I described in the 1952 paper as 
I { the 3 cases, and it seems to be the commonest 
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fom. Mr. R. H. Franklin of the Postgraduate 
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Medical School, Hammersmith, kindly sent me 
notes of 3 more cases, and Mr. J. D. Hamman and 
Mr. G. M. Nanson sent, from South Africa and 
America respectively, notes of similar complications. 
In two of the patients the herniating loop was so 


«thaat 


4 Dis “44 pie. 





Fic. 28.—Long afferent loop passing from right to left 


through the gap. 





FiG. 30.—In this case, a loop of ileum passed from left to right 
through the gap (efferent loop to lesser curve). 


distended that it pressed on and distorted the afferent 
loop to such an extent as to embarrass its blood-supply 
and cause gangrene, and both these patients died. 
In 4, at least, of these 7 cases, the surgeon, on opening 
the abdomen, thought the condition to be one of 
volvulus; and, indeed, some degree of volvulus 
around the axis ‘ esophagus—duodenojejunal junc- 
tion’ must be present, but it is secondary to the 
rotation brought about by the efferent loop passing 
from right to left into the lesser sac. In an eighth 
case, the case of B. N. Brooke, mentioned in my 
original paper, it was greater omentum instead of 
efferent loop that passed from right to left through 
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the hiatus (Fig. 27), behind the anastomosis, and 
then out again to become adherent to the front of 
the anastomosis in its left border. 

Another mechanism is represented by 5 of the 
remaining 8 patients. In each a long afferent loop 
had been employed at the original operation, and in 
all § cases this long loop had passed from right to left 





Fic. 31.—The case of retrocolic gastrectomy in which efferent 
loop passed from right to left through the gap. 


behind the anastomosis (Fig. 28). Im 3 cases the 
loop had become gangrenous, in 2 producing fistule 
and peritonitis: these cases are the ones reported 
by West, and 2 of them died. The 2 others of this 
kind were Doolin’s patient, included in my first 
paper and mentioned above, and I case the notes of 
which were kindly sent by Mr. O. D. Morris. 

There was a second case of Mr. B. N. Brooke’s 
in which the efferent loop had passed through the 
hiatus from left to right (Fig. 29). In this instance 
the herniated loop had become so distended that it 
pressed on the blood-supply of the afferent loop 
(which happened to be a long one) to such a degree 
that it became gangrenous from the duodenojejunal 
junction to within 3 in. of the anastomosis and 
required resection: the patient recovered. I am 
grateful to Mr. J. McK. Duncan, who performed 
this emergency operation, for a very excellent 
sketch. 

Yet another case, for the notes of which I am 
indebted to Mr. R. Bewick, of Burton-on-Trent, 
showed a remarkable form of herniation, and I am 
indeed grateful to Mr. J. M. Hay, the registrar who 
performed the second operation during Mr. Bewick’s 
absence on holiday, for the very clear drawing of the 
arrangement. ‘Though antecolic, the original opera- 
tion was the Moynihan gastrectomy mentioned above. 
The ileum had slipped through the retro-anastomotic 
hiatus from left to right so that the last 12 in. of 
small intestine was drawn tight along the root of the 
mesentery (Fig. 30). 

Finally, there was one solitary case kindly brought 
to my notice by Mr. R. Strang and his registrar, 
Mr. W. R. Probert, in which the original partial 
gastrectomy had been a retrocolic one with afferent 
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loop to lesser curve, and in which the efferen loop 
had passed from left to right behind the anasto: iosis, 
but, on this occasion, of course, in front «© the 
pancreas and posterior wall of the lesser sac (Fig, 
31). This must be exceedingly rare. 


SIGNS AND SYMPTOMS 


In 13 patients the complication arose during 
post-operative convalescence, the earliest being op 
the third post-operative day and the latest on the 
eighteenth day. Excluding this latter case, the 
average time of onset was fifth or sixth day. In the 
remaining 3 cases the obstruction did not develop 
until well after they had returned to normal activities, 
but once the symptoms had started the clinical 
picture was little different from those of earlier onset, 
The earliest of these delayed ones was 3} months 
and the latest 2} years after the relevant partial 
gastrectomy, and in the intermediate one there was 
a strong suggestion that the process had been inter- 
mittent for 2 months, since, after 4 months of 
complete comfort following operation, he then 
suffered intermittent pain or discomfort in the upper 
abdomen for 2 months prior to the final onset of the 
acute phase. 

The symptoms are not characteristic and this 
at once makes diagnosis difficult. Pain may be 
continuous and increasing in severity, or, less fre- 
quently, colicky. Indeed, the absence of colic in 
many cases was deceptive, since it is unlike obstruc- 
tion : but then, of course, only in a few patients was 
obstruction complete ; in the majority, and for hours 
or even days, there was not much more than slight 
mechanical embarrassment of the herniated loop. 
Another important fact is that, in nearly all, gastric 
suction was started or re-instituted as soon as the 
first or second vomit occurred, and it is now well 
recognized that it is possible to keep a case of 
obstruction perfectly comfortable and fit by a regime 
of gastric suction and intravenous fluids, thus giving 
to the uninitiated a dangerously false sense of 
security. The pain at onset is upper abdominal, 
central, or in the left hypochondrium, but even if at 
first relieved by gastric suction it returns within a 
day or so, depending on the degree of obstruction 
developing. As venous return becomes embarrassed, 
and distension of the loop takes place, the pulse-rate 
rises, and when pain becomes severe, or where 
vomiting is copious, blood-pressure falls and de- 
hydration with alkalosis supervenes. In several 
cases dullness to percussion or an indefinite swelling 
was found in the upper left abdomen. Bowel sounds 
may cease, and this finding has misled some surgeons 
into regarding the case as one of ileus. When 
gangrene ensues, guarding and signs of spreading 
peritonitis become features of the case. These 
latter cases are clearly urgent and a definite indication 
for early re-opening ; but the difficult case is the one 
in which the bowel is not really obstructed, or only 
intermittently so, and where discomfort is relieved 
by vomiting or gastric suction. Several surgeons 
were obviously puzzled as to what was going 
on inside, for they could not bring themselves 
to think in terms of an internal hernia with 
obstruction. Indeed, in two instances, the decision 


to re-open the abdomen was based on reading my 
first paper. 
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OPERATIVE FINDINGS 


These are best described under the six different 
mechanisms represented by this series of 16 cases. 

1. Efferent loop passing through the gap 
from right to left (Figs. 25, 26): There were 
7 such cases, of which 3 were reduced without 
difficulty. The remaining 4 presented the following 
features :-— 

a. This was interpreted as a volvulus, “ the 
efferent loop twisting behind the afferent loop and 
lying in the lesser sac. The blood-supply of the 
afferent loop was completely occluded and gangrene 
extended from the second part of the duodenum to 
just beyond the gastro-jejunal anastomosis”. The 
gangrenous portion was excised and an end-to-end 
anastomosis effected. A fresh gastro-enterostomy 
was then carried out, using a piece of jejunum distal 
to the reconstructed part. The patient died that 
night. 

b. This case was also regarded as being a volvulus 
“ on the axis of the cardia to duodenojejunal flexure ”’. 
The bowel at the level of the anastomosis was judged 
non-viable but so ill was the patient that no more was 
done than “ untwisting the volvulus” and with- 
drawing the efferent loop from the lesser sac. This 
patient recovered. 

c. In this case, no diagnosis was possible prior 
to death. About a week after partial gastrectomy, 
the patient deteriorated without a satisfactory 
explanation, and no second operation was undertaken. 
At post-mortem examination a herniation was found. 

d. Because of absence of colic, and because pain 
did not return when gastric suction was stopped, 
this patient was not re-opened until the eighth day 
following partial gastrectomy. The efferent loop 
was found to be herniated from right to left through 
the gap and into the lesser sac. There was con- 
siderable matting together of adjacent loops, and the 
bowel was also adherent to the wall of the lesser sac 
near the hilum of the spleen. “ There was no 
torsion or strangulation, but an attempt to separate 
adhesions led to free bleeding and stripping of the 
serosa.”” It was therefore decided to perform an 
anastomosis between entering and emerging loops. 
After a somewhat difficult convalescence this patient 
recovered. 

2. Greater omentum passing through gap 
from right to left (Fig. 27): There was only one 
example of this; the adherent area having been 
separated, it was quite easy to reduce the herniating 
part. The patient recovered. 

3. Efferent loop passing through gap from 
left to right (Fig. 29): On opening the abdomen 
some free fluid was found which was foul-smelling 
and blood-stained. A coil of jejunum just distal 
to the anastomosis had passed from left to right 
through the gap, and in doing so had obstructed the 
blood-supply of the afferent loop, which was a long 
one, causing gangrene from the duodenojejunal 
junction to within 3 in. of the anastomosis. The 


herniated portion was reduced without much diffi- 
cu'ty, and the gangrenous segment was excised and 
th jejunum joined by end-to-end suture. 
pa ient survived. 

4- Long afferent loop passing through gap 
fr >m right to left (Fig. 28): This was the second 
cc mmonest kind of herniation. 


This 
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a. This patient was re-opened on the fifth day. 
Free fluid was present and a long afferent loop was 
found to have passed from right to left through the 
gap behind the anastomosis and on into the lesser 
sac. ‘‘ The mesentery was tightly stretched and 
the stomach and adjacent gut were greatly distended.” 
It was found possible to guide a Ryle’s tube into the 
distended, obstructed afferent loop, and some 3 pints 
of feculent fluid were evacuated. The herniated 
loop could then be reduced and afferent and efferent 
loops were then anastomosed by entero-enterostomy. 
Penicillin and streptomycin were injected into the 
peritoneal cavity. He made a satisfactory recovery. 

b. This was a high partial gastrectomy with a 
Hofmeister valve. The abdomen was re-opened 
through a left paramedian incision on the sixteenth 
day, when an enormously distended loop of small 
intestine presented itself on the left side of the 
abdomen. After decompressing this, it became 
obvious that it was a long afferent loop that had passed 
through the retro-anastomostic gap. The loop was 
reduced without difficulty. 

c, d, and e. These were the cases reported by 
West (1953). The first patient was re-opened on 
the fourth day after gastrectomy. Much free fluid 
was found but no other abnormality recognized. Five 
days later, the fluid having re-accumulated, it was 
removed by a small incision and aspiration, and was 
found to be feculent. A third operation was there- 
fore performed and a leak was discovered in the 
afferent loop and was closed by suture, “ but the 
reason for its occurrence was not evident at the time. 
Additional perforations and multiple fistulas promptly 
developed . . . but eventually healed spontaneously, 
and she returned to her work as a waitress”. West 
bases his diagnosis in retrospect on the experience 
of the next two cases. 

His second case became ill four days after return- 
ing home from hospital. His symptoms were 
puzzling, and it was thought that they were probably 
due to a perforation of stomach or duodenum. 
Operation failed to confirm any perforation, though 
there was much free fluid. No other abnormality 
was discovered, and the abdomen was closed, the 
patient dying a few hours later. Post-mortem 
showed prolapse of the long afferent loop from right 
to left through the retro-anastomotic gap. 

West’s third case developed, from the fourth 
day, vomiting and continuous but not very severe 
pain. Dullness and a vague mass were found in 
the left upper abdomen. On the ninth day the pain 
became much more severe, and signs of peritonitis 
developed. At laparotomy “the proximal loop 
of jejunum was found to have turned with its mesen- 
tery and passed behind the distal jejunal loops. As 
a result of the torsion of the jejunum, with angulation 
of the proximal limb at its point of attachment to the 
stomach, the proximal loop was enormously distended 
and several perforations were noted in the gangrenous 
bowel”. The gangrenous bowel was excised, con- 
tinuity being re-established by anastomosing duo- 
denum to the distal jejunum. The patient died 
eight days later. 

5. Ileum passing through gap from left to 
right (Fig. 30): The findings in the solitary example 
of this mechanism are best understood by Mr. 
H. M. Hay’s excellent diagram and notes. The 
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patient returned home in satisfactory condition 
following the original operation, remaining so for 
three months. Then, for two days he suffered 
attacks of pain in the epigastrium, of sudden onset, 
though not very severe. He was admitted and 
** although there was clearly something wrong, there 
seemed nothing to suggest obstruction or strangula- 
tion’. He could only get comfortable in bed by 
leaning forwards, with his arms on a table across it. 
The left side of the abdomen was dull on percussion, 
but not distended. At first he was watched, but 
on the second day he collapsed and became shocked 
as the result of a recrudescence of severe pain. 
Laparotomy was decided upon. ‘‘ The bowel shaded 
red emerged from underneath the tightly stretched 
anastomotic loops. It consisted of about half the 
small bowel and extended down into the pelvis, to 
which it was adherent, and it was distended and 
congested.’ It was at first thought to be a herniated 
loop, and not until the tightly stretched terminal 
ileum came into sight was a correct interpretation 
possible. In spite of reduction, the patient died that 
same night. 

6. A case of retrocolic (true Polya partial 
gastrectomy) with efferent loop passing through 
gap from right to left (Fig. 31): This case is 
different from the other 15 cases, but, since it is an 
example of herniation through an artificially made 
gap, itis included. Though formerly a very common 
procedure, and still frequently employed, it is the 
only example of herniation that I know of in a 
retrocolic gastrectomy. Nine days after the first 
operation he developed epigastric pain with bilious 
vomiting. Gastric suction was re-instituted, and 
gave copious results, but relieved the pain. Two 
days later a very small barium meal was given, and 
this showed a “ blocked exit loop”. The abdomen 
was re-opened. The anastomosis was found to be 
satisfactory, but a piece of efferent loop some 6 in. 
from the anastomosis had passed through the gap 
bounded by the anastomosis in front, the mesocolon 
above, the posterior parietal peritoneum behind, 
and the uppermost part of the mesentery below. 
The herniated knuckle was withdrawn with ease, 
and the gap was partly obliterated with a few sutures. 
The patient recovered. 


DISCUSSION 


These 15 cases of antecolic partial gastrectomy, 
and the one of retrocolic gastrectomy show un- 
mistakably that the gaps formed between the anasto- 
mosis and transverse colon in the major group, and 
the anastomosis and the posterior parietal peritoneum 
in the solitary retrocolic case, are potential dangers. 
The latter type is exceedingly rare, but the former 
is sufficiently common for precautions to be taken 
against the possibility of small gut herniating through 
it. As I pointed out in my 19§2 paper, this can only 
be assured by obliterating the gap with stitches. 

So far as the 15 cases are concerned, at least five 
different mechanisms may be encountered. Diag- 
nosis is difficult since the symptoms are not at first 


JOURNAL OF 


SURGERY 


or necessarily at any stage, like those of inte ting] 
obstruction : the pain is not always colicky, or, f so, 
it is quickly relieved by gastric suction. In eed, 
at the beginning, pain may only last for an ho ir or 
so each day before becoming severe and sho: king, 
Vomiting is not at first prominent or essential, | owe] 
actions may continue normal, and distension is not 
common. The pain tends to be upper abdoininal 
and towards the left, and the left hypochondrium 
may present dullness on percussion or a vague 
swelling. The condition is at first one of high, 
intermittent, partial, intestinal obstruction, and in 
three cases the onset was delayed for several months, 
This suggests that there may be cases which reduce 
themselves, and that some patients complaining of 
periodic attacks of discomfort may have something 
of this kind. Where gangrene develops, there then 
appear signs of local peritonitis, becoming general. 
That gangrene was found in 6 of the 16 cases, and 
that death occurred in 6, though not all the ones with 
gangrene, stresses the serious nature of the complica- 
tion. 

The operative findings may be most puzzling, but 
to remember the five or six mechanisms recounted in 
this paper is helpful in analysing what is encountered. 

Early diagnosis will reduce mortality, but can 
only be made if, when early convalescence from 
partial gastrectomy is interrupted by some of these 
vague symptoms, the possibility of high partial 
obstruction as a result of herniation of afferent or 
efferent loop through the retro-anastomotic gap, is 
constantly kept in mind, and its grave potentialities 
if left too long, remembered. 

Some have argued that a long afferent loop in 
the Polya types of operation has, as one of its merits, 
the advantage that the retro-anastomotic gap so 
formed is sufficiently large to allow any herniating 
loop of gut to slip out again without mechanical 
embarrassment. That this is not true is amply 
shown by the § cases in which the long afferent loop 
itself herniated, 3 of which became gangrenous, 
causing death in 2. 


SUMMARY 


1. Following partial gastrectomy, 16 cases are 
recorded in which a loop of small bowel herniated 
through the gap behind the anastomosis. Of these, 
I5 were antecolic operations, I was retrocolic. 

2. The general features of the cases are described. 

3. An analysis is given of the different mechanisms 
involved. 

4. The operative findings and action taken are 
recounted. 

5. The importance of obliterating these gaps is 
stressed. 

6. Remarks are made on some disadvantages of 
the long afferent loop. 
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SIMPLE STRICTURE OF @SOPHAGUS 
By E. C. MEKIE 


UNIVERSITY OF MALAYA, SINGAPORE 


SIMPLE stricture of the cesophagus as the sequel to 
swallowing caustic soda is a relatively frequent con- 
dition encountered in Malaya. The very name, 
‘simple stricture’, perhaps disguises the serious 
disability from which these patients suffer, especially 
when the degree of stenosis necessitates a gastrostomy. 
It may not be appreciated that in many instances— 
quite apart from the difficulty of the actual mechan- 
ism of feeding by a gastrostomy tube and the social 
disability resulting therefrom—the cost of the special 
diet required imposes on many of these unfortunate 
folk a financial burden which they cannot meet. 
In one of my cases the need for operative inter- 
vention of a more radical character was to overcome 
an economic problem which was leading to critical 
starvation. 

The report by Allison (1946) on the modern 
employment of cesophagojejunostomy for inoperable 
malignant stricture of the lower cesophagus suggested 
that the same type of operation would be suitable for 
simple stricture. Unfortunately, in most cases the 
level of the stricture is such that the anastomosis 
must be carried out above the level of the arch of 
the aorta. The operation has been attempted in 
10 patients and has been successful in 5 of these. 


Table I.—DETAILS OF CASES 
Duration of 


— Age Sex Stricture Level 
— Pre-operatively 
I 23 Female 10 mth. D.5-6 
2 24 Female 10 yr. D.4, lower border 
3 16 Female 2 mth. D.4, lower border 
4 21 Male I yr. D.2 
5 20 Female 16 mth. D.5 
6 24 Female 6 mth. D.s5 
7 16 Female 22 mth. D.6 
s 19 Female I yr. D.4 
v) 22 Female S$ yr. D.2-3 
10 20 Male 1§ mth. D.4-5 


As a result of this experience we have learned 
much of the technical difficulties to be overcome, 
and believe that we have now established for a small 
selected group of these cases an operative procedure 
which is suitable and which gives a satisfactory func- 
tional result. 


GENERAL PLAN OF OPERATION 


Essentially the operative plan (Fig. 32), first 
briefly reported in 1950, consists of the preparation 
of a Y-shaped jejunal loop after the manner of Roux, 
of sufficient length to enable the proximal end to be 
carried to the upper part of the thorax, and the 
performance of an end-to-side anastomosis to restore 
the continuity of the jejunum. The single loop is 
then carried up through the transverse mesocolon 
to the left of the colic artery. To afford adequate 
room above the mesocolon it is necessary to remove 
tre spleen, and this is performed as the first step 
S:nce it facilitates the other manceuvres. The loop 
i then carried through the left posterolateral seg- 
rient of the diaphragm. The abdominothoracic 
iicision is now closed. The upper part of the 





thoracic cavity is approached through a separate 
incision with resection of the fifth rib and division 
of the posterior end of the fourth rib. 


The cesophagus is approached by incision of the 


mediastinal pleura posterior to the subclavian artery 
and freed. Care is exercised to avoid the thoracic 
duct. 
lateral wall of the cesophagus and the opening is 


A vertical incision is made in the antero- 
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FiG. 32.—Diagram showing the plan of the operation performed. 


extended as far as possible to secure the largest 
possible stoma. A side-to-side anastomosis is then 
made between the jejunum and the csophagus. 
The jejunal loop is anchored to the posterior thoracic 
pleura and extrathoracic fascia and stitched to the 
edges of the opening in the diaphragm, which is 
reduced to the minimum compatible with non- 
interference with the blood-supply of the jejunal loop. 


FURTHER TECHNICAL DETAILS 


1. Incision.—An oblique thoraco-abdominal in- 
cision along the line of the ninth rib affords excellent 
exposure for the first part of the operation. 

2. Preparation of the Loop.—This definitely 
is the most critical part of the operation, and on the 
preservation of adequate blood-supply success or 
failure depends. The classical description of the 
blood-supply is in fact subject to many variations. 
In the ‘normal’ or classical pattern (Fig. 33) the 
upper jejunum is supplied by a series of vasa recti 
jejunalis which pass from the root of the mesentery 
and when approaching the gut divide into two 
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branches which, anastomosing with adjacent similar 
vessels, form the arcade running close to the gut and 
from which the terminal branches run to the wall 
of the jejunum. The first arterial branch is a large 
vessel lying close to the duodenojejunal junction, 
which might well be named the duodenojejunal 


DUODENO-JEJUNAL 
JUNCTION 


VASA 
RECT! 


JEJUNALIS 
- LINE OF DIVISION 
ARCADE 
2 epee 
‘ 






DUODENO-JEJUNAL —§ 7 _/ 
ARTERY samen 


Fic. 33.—Classical type. Showing main and relief incisions 
in mesentery. 


artery, and which forms the first loop of the arcade. 
Then come the vasa recti, which for convenience 
I count from above down. In order to prepare the 
loop the vasa recti 2, 3, and 4, are divided between 
ligatures close to the root of the mesentery, which is 
divided, and then relief incisions are carried through 
the mesentery towards the bowel but stopping some 





Fic. 36.—Showing true sufficiency of loop. 


little distance from the arcade. The jejunum is cut 
across proximally at a point corresponding to the 
interval between vasa I and 2. 

Vascular variations found fall into two main 
groups :— 

a. The pattern followed is more closely allied 
to that described in the ileum, in that instead of one 
large arcade several communicating channels form a 
series of arcades (Fig. 34). It is then very difficult 
to sever enough of the vascular tree to obtain ade- 
quate opening up of the mesenteric root. The 
peripheral arcade is represented by vessels which 
appear to be of such small lumen that their ability 
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to carry the whole blood-supply to the loop fter 
isolation is doubtful. I have met this difficul: » ip 
two instances, and in one case dealt with it b) the 
division of further vasa recti, but the result was 
unpleasing since the mesentery of the isolated oop 
was unduly bulky. In the second case I followed 
the suggestion of Shumaker and Battersby (1951) 
and made = preliminary ligation of alternate vessels 





Fic. 34.—Variant 1. 


FiG. 35.—Variant 2. 


as a first stage and did the second stage of the 
operation twenty-one days later. This technique is 
based on the assumption that the collateral circula- 
tion is opened up in the interval. In the particular 
case the manceuvre was unsuccessful, but I believe 
that it might be well worth while in some instances 
and indeed have to be carried out of necessity. 

The alternative possibility of going to a lower 
level of the jejunum was adopted of necessity in 
Case 7 for the second attempt, but failed for reasons 
which may not be connected with this manceuvre. 
It appeared relatively easier to construct the loop, 
but defunctioning a long loop of jejunum in addition 
to the stomach and duodenum would appear to be 
undesirable. 

b. In two cases the vascular pattern was atypical 
in that the arcade was interrupted in serious degree 
between adjacent vasa recti jejunalis (Fig. 35). 
There was communication between the vasa recti 
close to the root of the mesentery by channels of 
some magnitude, but near to the gut the vessels 
were minute and obviously incapable of carrying a 
sufficiency of blood to the isolated loop. It was this 
formation which led in Case 7 in the first instance to 
failure to obtain a loop suitable for anastomosis. 
The difficulty could be overcome only by going 
lower down the jejunum, and the lesson learned was 
the need for a more careful appraisement of the 
sufficiency of the peripheral arcade in all cases. 

3. Length of Loop required.—This I have 
found to be very difficult to assess. The point is 
that the length of intestine in the freed loop is not 
the determining factor, but the length to which the 
root of the mesentery can be straightened out with- 
out giving rise to a stretching or torsion of the vessels 
with impairment of the circulation. After the appar- 
ently appropriate number of vasa recti have been 
divided, incisions through the mesentery between 
the vasa are made. In this manner the fan-shapec 
loop can be straightened out. The greatest car« 
must be exercised not to damage the arcade by this 
manceuvre. By bringing the loop outside the 
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abdomen and laying it over the front of the chest 
an appreciation of the true sufficiency of the loop 
can be obtained (Fig. 36). In all instances I have 
felt that there is a far longer loop of intestine than 





FiG. 37.—Case 1. 





FIG. 38.— Case 2. Pre-operative barium swallow. Patient 
ded 48 hours after operation from surgical shock. 


wi!! be required, but in only one case did it prove 
thet there was greater length of mesentery than 
we; absolutely necessary. 

4- Route for Loop from Abdomen to 
Tl.orax.—The isolated loop lies high under the 
tr nsverse mesocolon and is most readily brought 
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to the upper abdomen through the mesocolon. An 
adequate opening is readily made, and to the edges 
of this the lower end of the loop is stitched to prevent 
further herniation. 


A, Pre-operative barium swallow ; B, Post-operative barium swallow ; C, Two months after operation. 


It is desirable to remove the spleen in order to 
have adequate room for the loop in the upper 
compartment, and indeed I carry this out as a first 
procedure of the operation, since it affords greater 
ease for the other intra-abdominal steps. It allows 





Ten months after operation. 


FIG. 39.—Case 3. 


the loop to pass without kinking to the appropriate 
site in the diaphragm through which the loop must 
pass. 

The opening in the diaphragm is made postero- 
laterally, approximately midway between the tip of 
the ninth rib and the cesophageal hiatus. In my 
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earlier cases I began the operation through a purely 
abdominal incision, but latterly I have employed the 
combined thoraco-abdominal incision which greatly 
facilitates these earlier stages and affords ready 
access to the opening required in the diaphragm. 

The aperture in the diaphragm is closed partially 
around the loop as the last stage in the operation 





Fic. 40.—Case 4. Pre-operative barium swallow. 
Csophagojejunostomy impossible because of high stricture 
and no remaining cesophageal lumen. 


after the completion of the cesophagojejunal anasto- 
mosis, when a final assessment of the correct position 
of the jejunal loop can be made. 

In one instance (Case 3) the condition of the 
patient at the end of the abdominal stage of the 
operation was occasioning considerable anxiety and 
the operation was therefore terminated, thus leaving 
the isolated loop of the jejunum free in the pleural 
cavity. The remainder of the operation was under- 
taken eight days later. On this occasion it was 
found that the tip of the jejunal loop was beginning 
to invaginate, but this could be reduced, and the 
operation was concluded successfully. It would 
seem desirable, however, to’ prevent the possibility 
of invagination by anchoring the tip of the jejunum 
to the parietal pleura. 

5. Exposure of the @sophagus.—The exposure 
of the cesophagus as it lies above the arch of the aorta 
is relatively easy by incision of the mediastinal pleura 
posterior and parallel to the subclavian artery, but 
the available space is very limited. The cesophagus 
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is surrounded by several layers of connective 1 ssye 
which must be separated, and it can be most re dily 
identified by the introduction of a gastric tub» by 
the anesthetist; palpation then facilitates id -nti- 
fication of the esophagus. Once the muscular w ill js 
identified a long linen stitch is inserted ena ling 
some lateral traction to be exerted, and the futher 
freeing of the cesophagus is readily accomplished 
if there is no surrounding scarring or thickening 
of the wall. It will suffice if the cesophagus can 
be freed on its left side, anteriorly and posteriorly. 

The successful completion of the anastomosis 
depends on the mobilization of the cesophageal wall, 
and in two cases I have failed to accomplish this, 
In another instance sufficient cesophagus was obtained 
only with the greatest difficulty, and unfortunately 
the patient died post-operatively. These 3 cases 
had in common a high stricture, and although it 
appeared from the radiological picture that it would 
be possible to obtain access to a dilated segment of 
cesophagus above the stricture, in the event this 
proved to be impracticable on account of the rigidity 
of the wall and the surrounding fibrosis. Unfor- 
tunately in 2 of the cases this difficult situation was 
not fully appreciated until the end of a long operative 
procedure, and by this time the condition of the 
patients made it inadvisable to undertake further 
difficult manceuvres. In these cases I had therefore 
to adopt the policy of cutting my losses and after 
rapid resection of the prepared loop abandoned the 
operation. Both patients recovered and perforce 
had to continue as gastrostomy patients. 

6. The Gsophagojejunal Anastomosis.— The 
natural position in which the jejunal loop lies in the 
thorax makes a side-to-side anastomosis appear to 
be the easiest manner in which to perform this part 
of the operation. The opening into the cesophagus 
is a vertical one and is made as long as appears con- 
venient and safe, leaving above and below a portion 
of the cesophageal wall to which the jejunal wall can 
be approximated. The average size of the opening 
is rather less than 1 in. A corresponding opening is 
made transversely in the jejunum in a position which 
will most easily lie against the cesophagus. 

In all cases the suture material has been fine 
linen. It is mecessary to insert all the sutures 
before approximating the walls, and the careful 
numbering of the sutures and their retention in 
proper order is required. While I have attempted 
in some cases to insert a double layer of sutures, in 
other cases this has proved to be impossible. In 
my last two cases I have contented myself with a 
single layer of mattress sutures. A few interrupted 
sutures are inserted to bring the pleura around the 
site of the anastomosis, to fix the jejunal loop to the 
fascia about the cesophagus, and to the pleura over 
the ribs posteriorly. 

Excess of jejunum is returned as far as possible 
to the abdomen and the edges of the opening in the 
diaphragm sutured to the jejunum. 

The thorax is closed with drainage after the 
introduction of penicillin and sulpha drugs. 


POST-OPERATIVE CARE 


A Ryle’s tube introduced by the anesthet st 
during the completion of the cesophagojejunal anast - 
mosis is passed downwards into the jejunal loop and 
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SIMPLE 
retauied in position for four to five days. Aspira- 
tion of contents is carried out three-hourly. 

After the immediate shock has been treated by 
blood and intravenous saline infusion (the latter a 
very necessary precaution in our warm climate), 
feeding by the gastrostomy tube is resumed. We 


STRICTURE 


OF G@SOPHAGUS 43 


RESULTS 
This series numbers 10 cases ; in 2 cases failure 
to free the cesophagus led to abandonment of the 
operation. 
In I case an attempt to prepare a loop of jejunum 
failed. The peripheral arcade was defective and 





Fic. 41.—Case 6. 


have had no complications as the result of the 
jejunojejunal anastomosis and the normal gastros- 
tomy diet has been resumed at the end of the first 
week. 

Feeding by mouth has occasioned considerable 
anxiety. It was felt at first that there was no urgency 
about the matter, and in the third case we planned 
to wait for about a fortnight. The girl, however, 


Table I].—RESULTS IN CASES WITH COMPLICATIONS 


Case 


Pneumothorax, pleura) effu- 
sion 

Fistula between csophagus 
and chest wall 17 days after 
operation 

Fistula and pleural effusion 
Pleural effusion and collapse 
of lung 


No Complication Result 
I Discharge from chest wound Ceased 14 days after 
operation 
Surgical shock, dilated jejunal Died 48 hours after 
loop operation 


Recovered after drain- 


age 

Healed and was able to 
resume mouth feeding 
3 weeks later 

Healed with drainage 

Died 2 days after opera- 
tion 





persuaded another patient to procure ice-cream on 
the seventh day, which she consumed without any 
untoward result. This unexpected experiment has 
led us to commence feeding by mouth from the 
1 fth day in subsequent cases. 

Antibiotics are given in full doses. Intrapleural 
njection has only been resorted to in those cases 
vhen there has been a considerable pleural effusion 
lecessitating aspiration. Intrapleural drainage is 
10rmally discontinued on the third day. 


A, Pre-operative barium swallow ; B, Post-operative barium swallow 6 weeks after cesophagojejunostomy ; 
C, Photograph 13 months after operation. 


Now an assistant nurse. 





barium = swallow. 


- Pre-operative 
Failure because long enough loop of jejunum was not 
obtained. 


FiG. 42.—Case 7. 
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when finally a sufficiently long loop was obtained 
the blood-supply was so poor that the loop became 
cyanotic and had to be resected. A second attempt 
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opened (a period of half an hour having elapse |) jr 
was found that the loop had become cyanosed and 
thrombosis had occurred. The single vessel of the 





A 


FIG. 43.—Case 8. A, Pre-operative barium swallow ; B, Swallow 1 month after operation ; C, Four months after operation. 





Fic. 44.—Case 9. Pre-operative barium swallow. Died 


48 hours. 


was made some weeks later and a loop fashioned 
which seemed to be adequately supplied with blood. 
The loop was passed into the thorax and the 
abdominal wound closed. When the thorax was 


arcade on which the whole blood-supply depended 
had been subject to some pressure or stretching as it 
passed through the opening in the diaphragm. 
There was no alternative but to abandon the opera- 
tion. 

Two patients died. In one case, the second in 
the series, the cause of death was a vascular insuffici- 
ency of the loop. The girl died on the day after 
operation and post mortem the jejunal loop was 
found to be grossly distended and discoloured. It 
resembled the loops of intestine seen in the earlier 
stages of a strangulating hernia. In this case a Ryle’s 
tube had not been used and it may be that in 
some measure exudation into the lumen with some 
slight obstruction at the opening through the dia- 
phragm combined to occlude a precarious vascular 
supply. The particular lesson appeared to be the 
need for continuous suction of the jejunal loop after 
operation. 

The second death occurred in a difficult case. 
The girl had a high stricture with a right cesophago- 
pleural fistula following an earlier cesophagoscopy. 
She had had several previous attempts at plastic 
repair elsewhere and was desperate for “‘ something 
to be done”. In this case the cesophagus was 
densely adherent and thickened and could not be 
freed. Nevertheless, after prolonged dissection the 
lumen of the cesophagus was finally opened and 
enough wall freed to enable an_ unsatisfactory 
anastomosis to be made. Following operation she 
was restless and difficult to control, and within 
twenty-four hours had dislodged the drainage-tub: 
from the pleural cavity. At autopsy it was foun:! 
that the left pleural cavity was full of blood-staine:| 
fluid and apparently the death had resulted fron 
cardiac failure and respiratory embarrassment. 
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In 5 cases the results have been satisfactory. 
The more recent 2 cases have recovered from the 
operation and are now eating normally and one can 
anticipate full restoration to normal life, but it is as 
yet t00 soon to include them in the group of late 
results (6 months and 4 months respectively). 

Two successful cases were operated upon in 1950 
and 1951. The first of these (previously reported), 


A 


Fic. 45.—Case 10. 


A, Pre-operative barium swallow ; 


B, Barium swallow 6 weeks after operation ; 
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Swenson and Clatworthy (1947), Gross (1948), 
and Rienhoff (1949) have reported instances in 
which they have been able to carry out a local 
excision of a short stricture with end-to-end anasto- 
mosis of the csophagus. Sweet (1946) reported 
3 cases in which he performed the operation similar 
to that which he described for carcinoma in its 
essential details. He notes the very great technical 





C, Six weeks 


after operation. 


a girl of 23 years, was traced two years later. She 
had married and had a child. She was reported as 
being in good health. The second, a young girl of 
16 years of age, had grown taller and put on 7 lb. 
in weight. She showed a physique comparable to 
other girls of the same age and nationality. 

The third case, operated upon in 1952, gained in 
weight (60 lb.-74 lb.) and has taken up the work of 
an assistant nurse. The fourth case is more recent, 
but she has gained 4 lb. in weight since the operation. 


DISCUSSION 


In a discussion of a paper by Robertson and 
Sarjeant (1950), Sweet, commenting on the use of 
the jejunum for these cases, stated that in his experi- 
ence “‘ we have been unable to maintain a satisfactory 
degree of nutrition”. In the § cases we have 
studied in which the operation was successfully 
completed, I have found no such difficulty. 

The treatment of benign stricture is a challenge 
to the surgeon, and the misery of the patient adds 
urgency to the need. The local lesion is a simple 
one and the patients are usually young. Provided 
the mechanical disability can be overcome, there is 
good reason to anticipate that the patient will 
return to a full, long, and efficient life. 

Broadly speaking there are two methods of 
approach: (a) The resection of the stricture and 
re toration of the continuity; and (6) A side- 
tr cking operation. 


difficulty in the mobilization of the actual stricture 
on account of the dense adhesions and fibrosis of the 
wall. In one of his cases he found it necessary to 
leave a small segment of the affected portion of the 
cesophagus in situ. 

Deaton and Bradshaw (1952) have shown the 
danger of cyst formation under such conditions. 

I have not attempted resection in any instance, 
but the opportunity afforded to study the local 
pathological condition makes it abundantly clear that 
any attempt at removal would be a procedure of the 
utmost difficulty and danger. 

Side-tracking Operations.—The older opera- 
tive methods entailed the formation of an artificial 
cesophagus beneath the skin of the chest wall. 
Yudin (1944) has enumerated the variety of tech- 
niques used, and his own series of cases—now 
reported to exceed two hundred—is unique. He 
uses the jejunum after the manner of Hertzen, 
obtaining a whole length intestinal subcutaneous 
channel. 

Transthoracic methods are esthetically more 
pleasing and afford what would seem to be the 
more natural route for the ascending loop of 
intestine. 

The use of the natural tunnel in the posterior 
mediastinum in which the cesophagus lies, as advo- 
cated by Harrison and commended by Sweet, is only 
available in those cases in which there has been a 
previous cesophageal resection. The precardial route 
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which has been recently introduced by Robertson 
and Sarjeant is an interesting suggestion and will 
require further experience to determine its merits. 
I have no personal experience of it. 

From my own experience in these cases I would 
be inclined to conclude that, bearing in mind the 
rather bulky character of the jejunum with a ‘ safe’ 
allowance of mesentery, there would be an added 
element of risk, at least during the earlier days after 
the operation, of pressure on the tenuous blood- 
supply of the jejunal loop. Further, as the jejunal 
loop lies naturally it assumes a curved position and 
any attempt to straighten it out distorts the blood- 
vessels still further. 

The transpleural route is simple and direct. 
A major difficulty is to be encountered in those cases 
which necessitate a very high anastomosis in the 
neck. In my own series I have not attempted to 
get above the vault of the pleural cavity. 

In 3 cases the period since operation is suffici- 
ently long to be able to conclude that there is neither 
a tendency to late stricture formation nor inability 
to maintain adequate nutrition. This latter finding 
is in contrast with the comment of Sweet noted above. 
It has been suggested that the loss of gastric function 
is detrimental and that the implantation of the 
jejunum into the stomach or the carrying out of a 
gastrojejunostomy would be advantageous. Yudin 
has drawn attention, however, to the risk of ulcer 
formation in the jejunum. 
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It is not proposed in this paper to spe ulate 
upon the relative merits of these alternative pro. 
cedures, but to record a personal experien e jp 
which—for the limited group of patients in \ hom 
the stricture is situated at or close to the arch «f the 
aorta, and in whom proximal to this there is a | ouch 
of cesophagus the walls of which are not the ste of 
extensive scarring—the operation of simple cesop iago- 
jejunostomy appears to afford a satisfactory relief to 
the patient. The operation is one of considerable 
magnitude, and for anatomical and pathological 
reasons may prove to be impracticable. Some of 
the technical difficulties are discussed. 
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ABNORMAL RING CONTRACTIONS OF THE THORACIC CGSOPHAGUS 


WITH AN 


ACCOUNT OF FAMILIAL MANIFESTATIONS 


By T. V. L. CRICHLOW 


DIRECTOR, DEPARTMENT OF RADIOLOGY, ROYAL NATIONAL THROAT, NOSE AND EAR HOSPITAL, 
AND INSTITUTE OF LARYNGOLOGY AND OTOLOGY 


AND H. J. SHAW 


ASSISTANT DIRECTOR TO THE PROFESSORIAL UNIT 


THE occurrence of bizarre forms of peristalsis in the 
cesophagus has been well known since Carlson (1922) 
gave a description of irregular contractions below 
the level of the aorta. Of recent years, owing to 
increased interest in cesophageal disorders and 
improvements in radiological technique, several 
workers in this field (Templeton, 1944; Johnstone, 
1946, 1952) have given detailed reports on the 
physiology, pathology, and radiology of normal and 
abnormal peristaltic waves. This has resulted in an 
increasing number of these cases being reported 
under such varying titles as: curling or corkscrew 
cesophagus, tertiary contractions, ripple cesophagus, 
and spasmes étages or Barsony-Teschendorf syn- 
drome (Terracol, 1951). Such a profuse variety in 
the nomenclature is due, we think, primarily to 
variations in the radiological appearances of a basic 
disorder common to them all, that of multiple seg- 
mental spasms of the smooth circular muscle layers 
in the lower two-thirds, producing a picture of 
alternate contractions and dilatations of the ceso- 
phageal wall. 


These ring-like spasms may occur at any level 
in the lower cesophagus, the alternating areas of 
bulging producing a ‘ bubble effect > which may show 
the presence of false or even true diverticula. The 
contraction rings may be incomplete and confined 
to limited areas of the cesophageal wall at each level 
(Palugyay, 1931). They may be evanescent at first, 
though they tend to become persistent and quite 
constant in position. The cardia may be partly or 
completely occluded, with resulting hold-up or stasis 
of its esophageal contents (Fig. 46). 

The majority of cases occur in male patients past 
middle age, and in the older sufferers the contrac- 
tion rings are often more prominent. A few examples 
have been noted in the second and third decades 
(Templeton, 1944). In many of the milder cases 
no symptoms at all are present. In others, moderate 
to severe dysphagia may occur, usually being pro- 
gressive over a number of years, and accompanied 
by post-prandial regurgitation. It is rarely severe 
enough to induce much loss in weight, and general 
health may remain relatively good. Variable degrees 
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of spasmodic, burning retrosternal pain may occur esophagus, and peptic ulceration. Chronic ceso- 
at any time, often aggravated by eating and drinking. phagitis, which is very frequently present, may 
Associated conditions include cardiospasm, ceso- account to a certain degree for some of the clinical 
phageal diverticula, hiatus hernia, carcinoma of the features. 





Fic. 46.—Case 1. 


rings, partial occlusion 
ticulum formation. 





Fic. 48.—G. B. Anteroposterior and right anterior Fic. 49.—W. B. Right anterior oblique views showing 
oblique views showing ring contractions, diverticula formation, slight irregularity of the esophagus (+). 
and some dilatation ( ). 


RING CONTRACTIONS 


\ _ T. B. (Jan. 8, 19§2). Oblique views Fic. 47.—T. B. Anteroposterior and right anterior 
showing dilatation of the esophagus, persistent contraction oblique views, showing advanced ring contractions, dilatation 
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of the cardia, with stasis, and diver- of the esophagus, cardiospasm, and diverticulum ( 


oe 


FIGS. 47-53 show the varying degrees of ring contraction in the family. 
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TREATMENT 


Most accounts of medical treatment have been 
based on the effects of vagolytic drugs and other 
smooth-muscle relaxants. 





Fic. 50.—M. D. Right anterior oblique views showing 
irregular contractions of the cesophagus ( +). 





Fic. 52.—H. B. Right anterior oblique views showing 
irregular contractions of the cesophagus ( + +). 


Scheinmel, Priviteri, and Poppel (1949) com- 
pared the results of using atropine sulphate by 
injection, tincture of belladonna, amphetamine sul- 
phate, and amyl nitrite inhalation. They found that 


the last was the most immediately effective, t 
its action was short, but that amphetamine pro 
the more prolonged relief. Atropine and bella 
also reduced the spasm, but were less effective 





SURGERY 


FIG. $1.—E. B. Right anterior oblique views showing slight 
irregular contractions of the esophagus ( 





Fic. 53.—F. B. Right anterior oblique views showing no 


Ismay (1952) tried atropine sulphate, 1 mg. t.ds. 


abnormality. 


by mouth, amyl nitrite inhalations, and penta- 
methonium bromide by mouth on a case of cork- 


screw cesophagus. 


Atropine brought obvious clinical 
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RING CONTRACTIONS 


relief and his patient was discharged on further 
treatraent with this drug. Pentamethonium also 


prousht rapid and effective relief. Amyl nitrite 
appevred to be ineffective. 

Of interest also is a description by Grossman 
(1946) of the successful use of octyl nitrite from a 
B.D.H. inhaler at meal times in treating two cases 
of pure cardiospasm. 

Maduro, Klotz, and Moulonguet (1949), reporting 
on the use of curare in severe spasms of the ceso- 
phagus, tried small repeated doses one-quarter of 
that mecessary to produce ganglion block, on a 
patient with severe cardiospasm over a period of six 
days, combined with phenergan 25 mg. t.d.s. Great 
clinical and radiological improvement was noted and 
maintained for at least two months after cessation 
of treatment. 


CASE REPORTS 


The cases brought to our notice recently were of 
exceptional interest since they all occurred in mem- 
bers of a single family, originally of eight indi- 
viduals, comprising six males and two females. 
The eldest brother was killed in the First World 
War and had suffered no known symptoms related 
to his gullet. Of the surviving 7, as will be seen in 
the table, the 2 eldest brothers both gave definite 
clinical and radiological evidence of dysphagia due 
to abnormal tertiary contractions, both showed the 
presence of diverticula on X-ray examination, and 
both have undergone treatment as described later. 
Four other members of the family—3 brothers and 
1 sister—showed definite radiological evidence of 
early ‘ rippling’ of the cesophagus, though without 
clinical symptoms or signs of trouble. 


CHANGES AFFECTING EACH MEMBER OF THE FAMILY 


Sex Aes Clinical Radiological 
. —- Features Signs 
I T. B. M. 73 (Fig. 47) 
2 G. B. M. 71 (Fig. 48) 
3 W. B. M. 67 ° (Fig. 49) 
4 M. D. F. 65 ° (Fig. 50) 
5 E. B. M. 60 re) (Fig. §1) 
6 H. B. M. 56 ° (Fig. §2) 
7 F. B. F. $4 ° ° (Fig. $3 
( Slight, Moderate, Marked, 


Very marked) 


From this table it is clear that although radio- 
logical evidence of irregular contractions is present 
in most of the patients from the age of 56 onwards, 
clinical symptoms only become manifest in those 
over 70. It would seem that increasing age gradually 
accentuates both clinical and radiological features. 

We could elicit no apparent history of symptoms 
related to the gullet in either the parents or grand- 
parents, and at the present time no symptoms are 
present in any of the children of these individuals, 
although it is hoped eventually to complete a radio- 
logical survey. 

The only other report of a similar familial dis- 
order found in the literature is an interesting account 
by Aberg (1945) of ‘ familial cesophageal strictures ’ 
afiecting four generations of the same family. He 
records in detail the clinical features and radiological 
aj pearances of a man, aged 64, who had suffered 
in creasing dysphagia since the age of 50. Nine other 
si lings were affected, the onset being always after 
niddle age. Medical treatment with spasmolytic 
d-ugs was without effect. The strictures appear to 
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have been muscle spasms, since no organic lesions 
were found on endoscopy, and the whole picture is 
very similar to that found in the family which we are 
investigating. 


Case 1.—T. B., aged 73. Occupation: Salesman. 

History.—Increasing difficulty in swallowing both 
solid and liquid food, with intermittent retrosternal dis- 
comfort and regurgitation for some years. No loss of 
weight. No pain. 





FiG. §4.— Case 1 (Nov. 1, 1948). 
showing ring-like contractions and small diverticulum at cardia. 


Right anterior oblique view 


Family History.—One brother, aged 71, treated here 
for a similar condition. Three other brothers and two 
sisters well. 

On EXAMINATION.—Nothing abnormal found in the 
upper respiratory tract beyond mild chronic pharyngitis 
and laryngitis. No regional gland enlargement. Weight : 
9 st. 4 lb. 

X-RAY EXAMINATION.— 

Nov. 1, 1948: The cesophagus is dilated. The ruge 
are intact. Three ring-like contractions persist below 
the level of the aorta, being most marked at the tracheal 
bifurcation and at the cardia. A small diverticulum is 
present just above the diaphragm (Fig. 54). 

March 30, 1949: The three ring contractions are 
more marked and the diverticulum near the cardia is 
more marked. In the cervical cesophagus note the spasm 
in the post-cricoid region (Fig. §5). 

March 10, 1952: The csophagus is now very much 
more dilated. The three ring contractions are much 
more marked. The diverticulum near the cardia is over 
twice its former size (Figs. 56, 57). 

C2SOPHAGOSCOPY.— 

Nov. 19, 1948: A stricture appeared just below the 
bifurcation of the trachea and had readily given way 
before the cesophagoscope at 33 cm. from: the alveolus. 
The so-called stricture appeared to be a muscle spasm. 
Orifice of pouch not viewed. Csophagoscope was passed 
readily into the stomach. 

April 29, 1949: Gross dilatation of csophagus, 
particularly the lower third from 33 cm. onward. Marked 
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chronic cesophagitis with thickening of walls. Large 
quantity of residual food debris aspirated. Stricture at 
lower end dilated with gum-elastic bougies (to size 


»} 


AM} 





FIG. 


§5.—Case 1 (March 30, anterior 


Right 
oblique views showing three ring contractions more marked, 


1949). 


and the diverticulum larger. 


wr 





or 





FiG. §7.— Case 1 (March 10, 1952). Anteroposterior view 
showing marked dilatation of the esophagus ; the diverticulum 
at the cardia is much larger, and there is a pouch on the left 
lateral wall. 


18 Jackson) and hydrostatic bag (40 c.c.). 
of diverticula. Small piece of wall 
biopsy. 


No sign 
removed for 
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Biopsy Report (March 21, 1952).—Epitheli: n jg 
hypertrophied and cedematous—no other pathoi gicaj 
changes present. 





_ FIG. §6.—Case 1 (March 10, 19§2). Right anterior oblique 
views showing marked dilatation of the esophagus, and the 
diverticulum now much larger. 





oe 

_ Fic. §8.—Case1. A, Shows the cardiospasm before ad- 

ministration of octyl nitrite. B, Shows the appearances after 

administration of octyl nitrite. Note that half of the barium 
has now passed through the stomach. 


SPECIFIC SEROLOGICAL TESTS.— Rappaport 
Eichhorn and Kahn-Berger negative. 

PROGRESS.—Trial with mercury bougie failed to pass 
into the stomach and curled up at the lower end. 


and 


April 28, 1952: Swallows most solid food satis- 
factorily. Feeling much better. Less regurgitation. 

May 15: Still moderate dysphagia. No loss in 
weight. Several attempts to pass mercury bougie (size 


20), using fluorescent screen control and posturing, failed. 
June 6: Qsophagoscopy: Unchanged appearances. 
Lower end dilated to maximum size gum-elastic bougic 
(size 1§). Stretched with hydrostatic bag (40 c.c. water. 
Jan. 15, 1953: Improved for three months followin: 


last dilatation. During last three months steadily 
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RING CONTRACTIONS 


increosing dysphagia and regurgitation, with loss of 
10 Ib. in weight. Recent esophagoscopy revealed tight 
stricture at cardia. Smallest bougies would not pass 
completely. Slightly improved following endoscopy. 

Feb. 23: Admitted for trial of medical treatment. 
The following drugs were used :— 

1. Atropine ;}» gr. four-hourly by injection before 
meals for three doses. 

2. Tinct. belladonna 15 min. by mouth, half an hour 
before meals, three times daily for two days. 

3. Octyl nitrite, 1 capsule, inhaled immediately 
before meals three times daily for three days. 





Right anterior oblique 
view showing four ring contractions below the level of the 
aortic arch, wavy outline of the cesophagus above, and two 
diverticula at the cardia. 


FG. §9.—Case 2 (Aug. 16, 1950). 


4. Amphetamine sulphate 5 mg. by mouth, half an 
hour before meals, three times daily for two days. 

5. Acetyl 8 methylcholine chloride (Amechol) 10 mg. 
by intramuscular injection immediately prior to a meal, 
on one occasion only. In using this drug, normally a 
powerful smooth-muscle stimulant, it was hoped to view 
changes induced in the cesophagus under the fluorescent 
screen during deglutition after the injection. No great 
change in peristalsis occurred, however, and the passage 
of food was not influenced. 

Octyl nitrite at meal time was the only drug showing 
some symptomatic and radiological evidence of improved 
swallow with relaxation of muscle spasm (Fig. 58). 
Since relief was only slight and the patient’s general 
condition was slowly deteriorating, he was referred for 
further surgical treatment of the associated cardiospasm. 


Case 2.—G. B., aged 71. Occupation: Retired 
postman. 

HISTORY.— 

Aug. 7, 1950: Difficulty in swallowing fluids and 


s lids—first noticed fifteen years ago. Seems to get an 
‘ \irlock’. Some regurgitation. No pain. Slowly get- 
itg worse. Lost about 2 st. in weight in last few years. 


_ Family History.—One brother, aged 73, treated here 
f'r similar condition. 
$ sters all well. 


Three other brothers and two 
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On EXAMINATION.—Nothing abnormal found in the 
upper respiratory tract, pharynx, or larynx, on indirect 
inspection. No regional gland enlargement. Weight, 
8 st. 12 lb. 

X-RAY EXAMINATION.— 

Aug. 16, 1950: The cervical cesophagus shows an 
area of spasm in the post-cricoid region. Four ring- 
like contractions are present below the level of the aortic 
arch, and there is a wavy outline of the esophagus above. 
Two diverticula are present near the cardia (Figs. 59, 
60). 

Sept. 19: There is little change in appearances. 





60.—Case 2 anterior 


FIG. 
oblique view showing the two diverticula at the cardia more 
clearly. 


(Sept. 19, 1950). Right 


June 9, 1952: Two ring contractions are present 
above the aortic level. At the aortic level the outline 
of the cesophagus is wavy. Below this level there are 
about six ring contractions. The diverticula near the 
cardia are not visible (Fig. 61). 

CEsopHAGOSCOPY (Sept. 12, 1950).—No intra-lumen 
pathology seen at 20 cm. There appeared to be an 
extrinsic cause pushing the ‘ scope’ to the right, and 
above this point the cesophagus was immobile and con- 
tained an abnormally large amount of frothy mucus. 
Below this point the cesophagus was normal and no gas 
was seen coming up through the cardia. 

CESOPHAGEAL SMEARS (Sept. 12, 1950).—No malignant 
cells seen. 

SPECIFIC SEROLOGICAL ‘TESTS.—Rappaport 
Eichhorn and Kahn-Berger negative. 

TREATMENT.—Negus type hydrostatic bag passed into 
cardia and dilated with 40 c.c. of water. 

Oct. 9, 1950: Slight improvement, only getting 
moderate regurgitation still. 

Oct. 10: Further dilatation by means of hydrostatic 
bag. 

PROGRESS.— 

Oct. 12, 1950: Hurst mercury bougie, size 30, 
passed easily by patient. 

Oct. 18: Discharged to Out-patients Department 
attendance and domestic use of bougie daily. 


and 
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Jan. 25, 1951: Excellent progress. 

Swallowing all foods well. 
June 30, 1952: Well. 

Only needs bougie passed once monthly. 





s 





_ Fic. 61.—Case 2 (June 9, 1952). Anteroposterior and 
right anterior oblique views, showing two ring contractions 


above the aortic level, and six ring contractions below. The 
two diverticula previously seen are no longer present. 
Jan. 20, 1953: Keeping well. Nosymptoms. Uses 


bougie once every 6-8 weeks. 

X-ray Examination.—Spasms markedly reduced. No 
hold-up at cardia. Diverticula no longer present at 
lower end. 


COMMENT ON CASE REPORTS 


The response to medical treatment in Case 1 
was disappointing, though slight relief was obtained 
with octyl nitrite, as other workers have found 
(Grossman, 1946) in treating cases of true cardio- 
spasm. Conservative surgical measures gave relief 
for short periods only from increasingly severe 
attacks of dysphagia and regurgitation. It is hoped 
to publish a report on the further surgical treatment 
of this patient, which is now being undertaken. 

Case 2 has been successfully treated by bouginage 
and dilatation of the associated cardiospasm. Com- 
plete relief of symptoms with improvement of radio- 
logical signs has resulted. 

At endoscopy, a moderate degree of cardio- 
spasm, rather more advanced in Case 1 than Case 2, 
was found, together with a gross degree of dilatation 
of the lower third in Case 1; and in both a marked 
chronic cesophagitis. 

Immediately below the level of the tracheal 
bifurcation, a single stricture due apparently to 
muscle spasm was seen in Case 1. A spasm at the 
same level was noted on X-ray examination in 
Case 2, but was not seen at endoscopy. A similar 
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Appetite good. 
Put on 6 lb. since discharge. 
General condition good. 


SURGERY 


appearance at the level of the aortic arch was t )und 
at endoscopy in the case reported by Mc’ aren 
(1946). 

In neither of these two cases were diver icula 
viewed at cesophagoscopy, and since those present 
at the lower end in Case 2 have disappeared i the 
most recent X-rays, following successful treatment, 
it is probable that they were of the ‘ false’ variety, 


COMMENT ON X-RAY EXAMINATION 
(Screening and Films) 


As far as the radiological aspect is concerned, 
the features may be summarized as follows :— 

1. In the early cases, all that was noticed was 
some irregular contractions of the cesophagus mainly 
in that part of the cesophagus below the level of the 
tracheal bifurcation. 

2. In the moderate cases, these irregular con- 
tractions were more marked, and two constant 
features were present :— 

a. The cricopharyngeus was visible on a radio- 
graph. This has been reported elsewhere by one 
of us, in a more detailed paper, at the International 
Congress of Radiology at Copenhagen, 1953. 

b. There was a constant ring contraction at the 
tracheal bifurcation level. 

3. In the advanced cases, all these features were 
very marked indeed, and in addition :— 

a. More ring contractions appeared, from four 
to eight. 

b. The whole cesophagus was involved, but 
mainly that part of the cesophagus below the aortic 
level. 

c. The cesophagus became dilated as in cardio- 
spasm, but did not increase in length. 

d. Diverticula—true or false—appeared near the 
cardia. 


DISCUSSION 


Since this abnormality primarily affects the 
cesophagus from the level of the tracheal bifurcation 
downwards, it would seem probable that it is due 
to an autonomic dyskinesia of the smooth-muscle 
walls, principally resulting in segmental spasms of 
the circular muscle. 

From the work of Maximow and Bloom (1938) 
and Lerche (1950), it is known that the fibres of the 
inner layer of smooth muscle may be not only circular 
(and often incomplete) but also elliptical, oblique, 
and even spiral. This possibly explains the varied 
radiological appearances. Carlson (1922) and 
Teschendorf (1928) both believed that an autonomic 
imbalance was responsible, although Schatski (1933) 
considered that contractions of the fibromuscular 
slips attaching the cesophagus to adjacent mediastinal 
structures were the cause. 

In the past some attempts have been made to 
link this condition with Parkinson’s disease and 
scleroderma. Such association is considered as yet 
quite unproved (Johnstone, 1952). 

Templeton (1944) supports the theory of neuro- 
muscular inco-ordination, indicating that the spasms 
are due to persistent tertiary contractions with sup- 
pression of secondary peristaltic waves. He obtained 
post-mortem specimens in § cases, but apart from 
slight muscular thickening and fibrosis, no signi- 
ficant histological changes were observed. 
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L vrier and Boulouys (1950), in an account of 
8 cas.s seen in a period of six months, also support 
these views, adding their opinion that increasing age 
is of great importance in the aetiology. Their biopsy 
and post-mortem specimens showed similiar changes 
to those of Templeton. 

Eeman (1949) has suggested that an individual 
nervous dyskinesia of the neuromuscular mechanism 
may be present as a predisposing factor in certain 
individuals. If this be the case, a provoking factor 
of increasing senescence of the cesophageal tissues 
with added changes due to chronic cesophagitis may 
be postulated. 

As yet we know little of the true histopathological 
basis for these abnormal contractions, although they 
could be properly explained by a degeneration of the 
autonomic plexuses in the wall of the lower ceso- 
phagus as described by Rake (1927); secondary 
to increasing local ischemia, chronic infection, 
and diminished local nutrition with resultant 
fibrosis. 

In these cases presented by us, it is therefore 
possible that a common tendency to neuromuscular 
dysequilibrium of the cesophagus exists in each mem- 
ber of the family. When this has added to it the 
burden of local changes due to senescence and 
esophagitis, inco-ordination becomes manifest and 
produces gradually the fully developed syndrome of 
tertiary contractions. 


SUMMARY 


A short account is given of some forms of 
abnormal peristalsis in the cesophagus, their manner 
of production, and clinical features. 

The occurrence of tertiary contractions with 
diverticulum formation in four members of a family 
of eight siblings is reported, with comments on 
radiological appearances, and treatment. Aberg 
(1945) has reported a similar familial cesophageal 
disorder in several generations of one family. 

The underlying pathology is discussed and some 
common aetiological factors submitted. 
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BRANCHIAL CYST AND LATERAL CERVICAL FISTULA 


By C. H. KINDER 


SURGICAL REGISTRAR, GUY’S HOSPITAL 


BRANCHIAL cysts and fistule are not common but 
raise interesting problems in embryology, histology, 
and diagnosis. The purpose of this paper is to 
discuss their development and structure. In all the 
usual descriptions both branchial cysts and fistule 
are said to arise from the precervical sinus which 
fails to obliterate. This may be true for a branchial 
fistula, but it is unlikely that a branchial cyst forms 
in the same way. 

Although the development of the neck is not fully 
uiderstood, the usual description is based on the 
work of Frazer (1926). Near the end of the fifth 
veek the second branchial arch overgrows the 


third and fourth, and perhaps fifth, arches to form 
the precervical sinus. This is bounded by the 
hyoid arch cephalad and by the epipericardial ridge 
caudad. The latter is in contact with the mandibular 
arch, medial to the ventral ends of the lower branchial 
arches. Dorsal to the precervical sinus lies a ridge 
formed by a downgrowth from occipital myotomes. 
The muscle tissue which develops from _ these 
migrates along the epipericardial ridge, later forming 
the tongue. The hypoglossal nerve follows the same 
course, supplying the muscles of the tongue. The 
dorsal border of the sinus and the second arch 
eventually grow to constitute the side of the neck. 
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BRANCHIAL CYST 
From this account it becomes clear that if a 
branchial cyst were to develop from the buried 
ectoderm of the cephalic portion of the precervical 
sinus, then the cyst must lie deep to the derivatives 





FiG. 62.—Longitudinal section of lateral cervical fistula 
showing respiratory type of squamous epithelium, sub- 
epithelial lymphoid stroma, and muscle-sheath. (H. and E.) 
(x 75.) 


of the hyoid arch, that is the stylohyoid ligament, 
the external carotid artery, and the stylohyoid muscle, 
and also deep to the hypoglossal nerve. 

In fact, a branchial cyst is usually found in a 
superficial position near the angle of the jaw, covered 





Fic. 64.—Lateral cervical fistula showing complete sheath 
of muscle-fibres arranged longitudinally. The opening in 
the skin is at the lower end of the specimen. 


by the anterior border of sternomastoid, and only 
occasionally is it situated deep to the external carotid 
artery. Nicholson (1950) believed that the epi- 
thelium of a branchial cyst is derived from entoderm. 
Most cysts are lined by non-keratinized squamous 
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epithelium closely resembling that of the phi ynx, 
and occasionally by stratified columnar ‘ respira ory’ 
epithelium, whose cells show the presence of cilia. 
He felt that some of the cells of the pouch, \ hich 
normally undergo differentiation, had failed 1) do 





FiG. 63.— Longitudinal section of lateral cervical fistula show- 


ing striated muscle-sheath. (H. and E 


337'5 
so and had merely succeeded in producing simple 
forms of entodermal epithelium. 

Occasionally branchial cysts are not lined with 
epithelium derived from the entoderm. Nicholson 
described a specimen which showed two cysts, one 
of which was lined by keratinized squamous 
epithelium with small sebaceous glands, aborted 
hair follicles, and a sweat-gland. All these structures 
are clearly derived from ectoderm and, therefore, 
imply that the cyst arose from a branchial cleft and 
not a pharyngeal pouch. 

The lymphoid tissue, which invariably surrounds 
a branchial cyst, may possibly be formed from the 
entoderm of a pouch in the same way as lymphocytes 
and corpuscles of the thymus are developed. In 
some specimens the lymphoid tissue is split by 
downgrowths of squamous epithelium forming 
crypts which are typical of the tonsil. 

The connective-tissue elements of a_ branchial 
cyst were described by Nicholson. The capsule was 
either dense and fibrous, or loose and areolar. On 
the few occasions that bundles of striated muscles 
were seen he had always been able to trace them to 
neighbouring muscles. Lobules of fat were found 
to be continuous with subcutaneous fat. For these 
reasons he believed that a branchial cyst appeared 
because of hypoplasia or arrest of development, the 
anomaly usually being entodermal. 


LATERAL CERVICAL FISTULA 


A branchial fistula lies deep to the derivatives of 


the hyoid arch and the hypoglossal nerve, and it is 
probably partly developed from the precervical sinus 
and should strictly speaking be called a ‘ lateral 
cervical ’ sinus or fistula. When a branchial fistula is 
dissected out from below it is found to sink gradual'y 
through platysma to penetrate the deep fascia at the 
level of the upper border of the thyroid cartilage. 
It then passes between the external and intern! 
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BRANCHIAL CYST AND LATERAL CERVICAL 


carot.d arteries to reach the pharyngeal wall, usually 
at the level of the tonsil; rarely does it have an 
opening into the pharynx. In its course it is crossed 
by the hypoglossal nerve, the occipital artery, the 
stylomandibular ligament, and the posterior belly 
of the digastric muscle, but passes superficial to the 
glossopharyngeal nerve and the stylopharyngeus 
muscle. 

The two specimens of lateral cervical sinus which 
are in the Gordon Museum at Guy’s Hospital show 
very clearly that they both possess a distinct muscle- 
sheath (Fig. 62). The fibres of this sheath are 
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opening moves upwards to a marked degree (Fig. 65). 
This is probably due to active contraction of the 
muscle surrounding the fistula of the track, as well as 
to movement of the pharyngeal wall, the pharyngeal 
plexus being the common motor pathway to both 
muscles. 

It has already been said that a lateral cervical 
fistula develops from the precervical sinus because of 
the relations of the second arch elements and the 
hypoglossal nerve to the fistula ; yet a lateral cervical 
fistula is lined by the same type of epithelium as is 
found in branchial cyst, namely, ciliated respiratory 


Swid 








Fic. 6§5.—Right lateral cervical fistula and cyst. The Fic. 66.—Lateral cer- Fic. 67.—Photograph of specimen seen 
skin opening is slightly elevated as the chin is lifted. The vical fistula showing sheath in Fig. 65. 
swelling below the angle of the jaw is apparent. (Same case of longitudinal muscle-fibres 


as Figs. 66, 67.) 


mostly disposed in a longitudinal manner and on 
microscopical section are made of striated muscle 
(Fig. 63). When the specimen seen in Fig. 64 
was removed at operation this muscle-sheath was 
seen to be compact and complete, surrounding the 
fistula from the skin to pharyngeal wall. No internal 
opening could be found and the fistula ended just 
external to the tonsillar fossa. This muscle was 
loosely surrounded by areolar tissue and appeared to 
be connected only at its upper and lower ends. In 
a search of the literature on branchial cysts and 
cervical fistulz I could find no reference to this sheath 
o! muscle. 

Between this muscle layer and the subepithelial 
lympoid stroma is a layer of connective tissue contain- 
irg nerve tissue. Clinically it is characteristic of 
c-rvical fistule that during swallowing the external 


and cystic dilatation. 


epithelium, or non-keratinizing stratified squamous 
epithelium. Both of these are typical of epithelium 
derived from pharyngeal pouch entoderm, but not 
usually from the ectodermal lining of the precervical 
sinus. This is surprising and difficult to explain if 
we accept that a lateral cervical fistula arises solely 
from the precervical sinus. 


DISCUSSION 
From a clinical point of view it is clear that 
branchial cysts and lateral cervical fistule are 


separate clinical entities. The cysts usually do not 
develop until late childhood and then often appear 
following an upper respiratory infection. They are 
almost always situated near the angle of the jaw, 
under the sternomastoid muscle ; it is unknown for 
them to have an opening into the pharynx and they 
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are not connected to the skin by a sinus. Histo- 
genetically they resemble branchial entoderm ; the 
epithelium is similar to that found in the pharynx 
and the subepithelial lymphoid stroma may be 
developed in the same way as the tonsil. Rarely, 
as in Nicholson’s specimen, appendages of the skin 
are present. From this evidence it appears that 
branchial cysts usually develop from a disordered 
growth of branchial pouch entoderm, but occasionally 
the ectoderm is also affected. 

Lateral cervical fistule form a well-defined clinical 
group. Invariably they have a cutaneous sinus or 
scar low in the neck, usually between the two heads of 
the sternomastoid. The fistula is present from birth 
and, if connected to the pharynx, moves on swallow- 
ing. There may be an internal opening into the 
pharynx. It is unusual for a cyst to form in the 
course of the fistula, but if it does this is probably a 
secondary dilatation of the track following obstruc- 
tion and infection. Figs. 66, 67 show this feature. 
The patient from whom this specimen was taken 
had a family history of this condition, his father and 
grandfather having a similar complaint. Perhaps in 
this family there is some unknown developmental 
factor and the cyst formation is not a chance complica- 
tion but a Mendelian dominant factor. In this case 
there was an internal opening which discharged 
pus into the mouth. 

The structure of a lateral cervical fistula is more 
complex than is generally realized. The muscle 
tissue, which is so well seen in the two drawings, 
is clearly a part of the fistula (Fig. 62). It forms a 
distinct sheath and is not a few fibres of sterno- 
mastoid or some neighbouring muscle which have 
become adherent to it. The origin of this muscle 
could be accounted for in three ways: Firstly, it 
may be formed with the constrictor muscles of the 
pharynx, in which case it would be innervated by 
the pharyngeal plexus and would contract on degluti- 
tion. The fact that the external opening rises on 
swallowing would appear to make this site of origin 
likely. Secondly, the muscle sheath may grow from 
the second branchial arch, in which case it must be 
supplied by the facial nerve. This source of origin 
could be ascertained by stimulation of the facial 
nerve in a patient with a lateral cervical fistula. 
Since writing this paper two further patients have 
been examined. In neither case did stimulation of 
their facial nerve have any effect on the lateral 
cervical fistula. In addition, one patient was able 
to contract the platysma voluntarily and this again 
did not alter the position of the external opening 
of the fistula. Thirdly, it might develop from 
mesenchyme in situ and grow to surround a pre- 
formed fistula. 

The epithelial lining of a lateral cervical fistula 
and the lymphoid stroma is identical to that found 
in a branchial cyst. At first sight this would seem 
to imply that they are developed from pharyngeal 
pouch entoderm and not from the lateral cervical 
sinus. There are, however, two explanations for 
this apparent anomaly. Firstly, embryonic ectoderm 
is columnar in type and only secondarily becomes 
stratified and squamous. Ciliated respiratory epi- 
thelium or non-keratinized squamous epithelium 
could, therefore, well appear from this embryonic 


JOURNAL OF 


SURGERY 


tissue. Secondly, it might arise from an iny isiop 
of the precervical sinus by entoderm. It mu t be 
said that Meyer (1932) holds quite a different view 
on the origin of lateral cervical fistula and brar chia) 
cysts. He maintains that they develop fron the 
pharyngothymic duct which fails to obliterate and 
that the opening in skin occurs later and is secor dary 
to infection. If Meyer’s view is correct, the int»rnal 
opening of a lateral cervical fistula would occur ip 
the pyriform fossa. Although this may be so on 
rare occasions it is more usual in the region of the 
tonsil. In addition, this would infer that a lateraj 
cervical fistula only develops from infection and 
bursting of a branchial cyst. It has already been 
said that lateral cervical fistulae are present at birth 
while branchial cysts develop during childhood or 
later. 

To sum up, therefore, the most reasonable 
explanation of the development of a lateral cervical 
fistula is that both branchial pouch and precervical 
sinus contribute to its formation. If an opening 
appears between the second branchial pouch and 
the cephalic portion of the precervical sinus (that 
is the second branchial cleft) a fistula would be 
formed. Ifa relative overgrowth of entoderm occurs 
this track would become lined by it. This may well 
explain the type of epithelium and the lymphoid tissue 
which occurs in lateral cervical fistule. 

It is most unlikely that the lower part of a fistula, 
especially the external opening, is derived from a 
branchial pouch. The relationship of the structures 
in the neck to a lateral cervical fistula seems to imply 
that its course is in the line of the precervical sinus 
which is found in an embryo of five weeks. 


CONCLUSIONS 


It is suggested that branchial cysts and lateral 
cervical fistula are two distinct clinical entities with 
different embryology, different signs and symptoms, 
and different relations, but with the same type of 
epithelial lining. 

A branchial cyst is probably derived from the 
branchial apparatus and usually from the entoderm 
of a pouch alone, whereas a lateral cervical fistula 
probably develops in the precervical sinus which 
has failed to obliterate. The branchial pouch 
entoderm may contribute to its upper end and its 
lining, while the precervical sinus itself gives rise 
to its lower and more superficial part, including the 
opening in skin. 

A lateral cervical fistula is surrounded by a well- 
developed muscle-sheath, a fact hitherto unrecorded, 
and this offers a reason why the external opening in 
the skin of the neck is so obviously elevated on 
swallowing. 


I wish to express my gratitude to Mr. Nils 
Eckhoff for his help in writing this paper. I am 
particularly indebted to Professor J. Whillis for his 
advice. 
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MECKEL’S DIVERTICULUM IN CHILDREN 
A REPORT OF 43 CASES 


By VICTOR S. BROOKES 


SURGICAL PROFESSORIAL UNIT, BIRMINGHAM 
FORMERLY RESIDENT SURGICAL OFFICER AND REGISTRAR, CHILDREN’S HOSPITAL, BIRMINGHAM 


THE anomaly of the small intestine known as Meckel’s 
diverticulum, although in itself relatively not common, 
is so often the site of serious pathological change that 
it becomes important from the clinical point of view. 
Further, the complications associated with it are 
of such a varied and unusual nature that it always 
remains an interesting subject. Although it only 
occurs in 2-3 per cent of subjects, this figure makes 
it the commonest anomaly of the gastro-intestinal 
tract (Kaufman, 1931) and it is from twenty to twenty- 
five times more common than the familiar hare-lip 
and cleft palate. 

In this paper 43 cases of Meckel’s diverticulum 
which were seen at the Children’s Hospital, Birming- 
ham, during a 10-year period (1942-52) are reported. 
Only those showing disease or those found at opera- 
tion are included, those found incidentally at 
post-mortem examination not being described. 

Meckel (1816), the Tyrolese anatomist, after 
whom the condition is named, was the first to 
recognize its association with the vitello-intestinal 
duct and to publish an adequate description of it. 
However, earlier references to it had been made 
by Lavater (1672), Ruyush (1701), Littre (1742), 
Morgagni (1769) and possibly by Hildanus as early 
as 1598. 


EMBRYOLOGY AND ANATOMY 


In the fourth week of intra-uterine life the yolk-sac 
of the embryo is connected to the apex of the loop 
of the primitive midgut by a wide opening. As the 
abdominal wall closes to form the umbilicus this 
communication, the vitello-intestinal duct, gradually 
contracts so that by the seventh week it forms a 
narrow tube. The yolk sac comes to lie in the 
placenta, where a remnant of it may be found at 
birth. By the eighth-ninth week (the 7-mm. stage) 
the duct begins to close and then soon disappears. 
In a small proportion of instances, however, the duct 
remains open to varying degrees to form the diver- 
ticulum. The degree and nature of patency can 
obviously result in many different types and Evans 
(1929) collected 24 varieties from the literature. 

In 80 per cent of cases the diverticulum is of 
the classical type described by Meckel. It is 1}-2 in. 
long (in the adult), and arises from the antimesenteric 
border of the ileum, about 2 ft. from the ileocexcal 
valve. This distance, however, may vary from a 
few inches to several feet, and it has even been 
described arising from the appendix, although it is 
doubtful whether such a diverticulum would be 
of the Meckel type. The end of the diverticulum 
is rounded and hangs free in the peritoneal cavity. 
Its structure, including a complete muscular coat, 
i; that of the small intestine, although the mucous 
membrane may also show heterotopic gastric, 
pancreatic, biliary, or even colonic tissues. 


In a further 10 per cent the diverticulum is 
similar to the classical type, but in addition has a 
fibrous cord attached to its apex, representing an 
obliterated portion of the duct. This cord may be 
attached to the back of the umbilicus (its primary 
point of attachment), it may hang free in the peritoneal 
cavity, or it may have gained a secondary attachment 
to any other structure. These various arrangements 
may predispose to obstruction or volvulus of the 
intestine. 

In another 6 per cent the whole vitello-intestinal 
duct remains and forms an intestinal fistula at the 
umbilicus (fistula enterica completa), and occasionally 
in these cases the mucous membrane prolapses (anus 
preter naturalis). Rarely other types of persistence 
are met and several deserve mention. If the distal end 
only remains open an umbilical sinus results (fistula 
omphalo-enterica incompleta externa), while if the 
two ends close and only the centre remains open a 
cyst forms (umbilical cyst or enterocystoma). In 
a third type only a small area of mucous membrane 
remains at the umbilicus to form one type of 
umbilical polyp (Cullen, 1916). In some of these 
polyps, heterotopic tissue has been demonstrated. 
Occasionally enormous diverticula are seen, form- 
ing large abdominal tumours (Blacow Yates, 1930), 
their size being due to distension with intestinal 
contents. Ladd and Gross (1941) believe that 
these enormous diverticula are in fact reduplica- 
tions of the intestine, while others think they may 
be due to a persistence of the yolk sac as well as the 
vitello-intestinal duct. 

About 0-5 per cent of diverticula arise from the 
mesenteric border of the ileum, and may even 
lie between the folds of the mesentery (Thompson, 
1937); pathological change in this type may be 
even more misleading than usual. Some diverticula 
have secondary diverticula and present a nodular 
appearanice. 

The vitello-intestinal duct has its own blood- 
supply, the artery (omphalomesenteric) being a direct 
continuation of the superior mesenteric artery. It 
usually runs as a single vessel or a leash of vessels 
over the anterior surface of the ileum on to the 
diverticulum. Occasionally it is contained in a 
separate mesodiverticulum which lies anterior to and 
quite separate from the mesentery of the terminal 
ileum. This mesodiverticulum may be complete as 
far as the umbilicus and be attached to it. The 
prolapse of a loop of intestine under the meso- 
diverticulum may lead to intestinal strangulation. 
Damage to the omphalomesenteric artery leads to 
infarction or gangrene of the diverticulum, the line 
of demarcation being at the junction of the diver- 
ticulum and ileum and serving to illustrate the 

complete independence of blood-supply to the 
former. 
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Christie (1931) has pointed out that the anomaly 
is often associated with other congenital abnormalities, 
and suggests that a primary defect in the germ plasm 
is a possible aetiological factor in the persistence of 
part or of the whole vitello-intestinal duct. 

The condition appears to be more frequent in 
males than in females, the proportion varying from 
2:1 to 4:1, according to the various writers. 


ANALYSIS OF ANATOMICAL TYPES IN THE 
PRESENT SERIES 
The various anatomical types seen in this series 
were :=— 


a. Classical (no cord at apex) 31 (72 per cent) 


6. Apex connected by cord to umbilicus Stes ic «3 

c. Apex attached directly to umbilicus Sion wD 

d. Apex connected by band to other structure 1 (2°3,, 5, ) 

e. Complete vitello-intestinal duct ate ~. «2 
43 


Histological examination of the specimens yielded 
the following results :-— 


1. Positive evidence of heterotopic gastric mucous mem- 
brane 9 


2. No histological evidence of heterotopic gastric 
mucous membrane. (Note: Three of these had 
other presumptive evidence of heterotopia, i.e., 
bleeding, ulcer, or dyspepsia) 12 


3. Gangrene of the diverticulum only reported 9 


4. No_ histological examination performed. (Note: 
Three of these had dyspeptic histories suggestive 


of heterotopia) 12 
5. Diverticulum not removed I 
43 


Of the 43 cases 30 were in males and 13 in 
females. All cases were of the antimesenteric 
variety and none had secondary diverticula; 6 had 
a separate mesodiverticulum containing the omphalo- 
mesenteric artery. 


ASSOCIATED CONGENITAL 
ABNORMALITIES 


Four patients showed other congenital abnormali- 
ties in addition to diverticulum ; 2 had exomphalos 
major, I had an ectopic right kidney, and 1 had a 
malrotation of the intestine with a persistent common 
mesentery. 


PATHOLOGY 


The different types of pathological change that 
can occur in the diverticulum are numerous. Almost 
every disease of the intestine has been reported 
involving the diverticulum, while others associated 
with its particular origin and site have also been 
described. It is not proposed to review all these 
various conditions, but to confine discussion to the 
types of complications seen in this series. 

It is difficult to assess the percentage of diverticula 
that undergo pathological change. Reputable series 
of post-mortem examinations have established that 
the remnant exists in 2-3 per cent of bodies. On the 
other hand, the number found during abdominal 
surgical procedures is considerably less, presumably 
because there is no obvious need to search for the 
diverticulum. Balfour (1911) found only 15 examples 
in 11,107 laparotomies. McGlounan (1922) 3 in 
14,000, and Umphrey (1947) 9 in 3460 at operation. 
In the various reported series of Meckel’s diverticula 
the number showing pathological change has also 
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varied, Schwei and Jackson (1949) putting the 
at 54 per cent, Wagner, Shallow, and Eger 

at 15-25 per cent, and Haber (1947) at 20 per 
In this series 37 of the 43 cases reported s| 
severe pathological change, and of these 8 
(21°6 per cent). 

Many of the conditions which neces :itate 
laparotomy in children are fairly obvious and 
localized and a routine search of the abdomen is no 
done. Hence many uncomplicated diverticuls are 
not found. 

As will be seen from the following discussion, 
there appears to be a tendency for complications of 
the diverticulum to occur in the young. It might 
be of some interest, therefore, to compare with other 
well-known abdominal conditions seen during the 
same period the number of diverticula and their 
complications. There were 1673 children operated 
on for appendicitis (acute or recurrent), but of these 
only § were under the age of 1 year, and 28 were 
between the ages of 1 and 2 years. Of the diseased 
diverticula cases 12 were under the age of I year 
and 5 of these died, while 3 others (with 1 death 
occurred between 1 and 2 years of age. There were 
290 intussusceptions, 30 intestinal obstructions due 
to adhesions, 54 irreducible hernia, and § cases of 
volvulus (due to causes other than the diverticulum 
also operated on during the same period. 

Although the diseases of the diverticulum are 
very varied the majority of them can be grouped 
under a few headings. For the purpose of descrip- 
tion and discussion of the cases here, the following 
grouping has been used :— 

1. Obstructive types—in which the diverticulum 
led to various types of mechanical intestinal obstruc- 
tion. 

2. Peptic ulcer types—in which complications 
occurred as a result of the presence of heterotopic 
tissue in the diverticulum. 

3. Inflammatory types—where the initial patho- 
logical change was an inflammation of the diver- 
ticulum. 

4. Umbilical types—due to a persistence of the 
whole vitello-intestinal duct. 

5. Incidental types—uncomplicated diverticula 
found at operations being performed for other 
conditions. 

1. Obstructive Types.—Mechanical intestinal 
obstruction was the commonest complication seen 
in this series, and this has been the experience of 
most authors (Haber, 1947). Mumford (1914) 
states that of all intestinal obstructions 6 per cent 
are due to a Meckel’s diverticulum. Leichtenstern 
(1877), analysing 1134 intestinal obstructions, and 
Halstead (1902) in a further 991 cases, confirmed 
this figure. Moses (1947), in a composite review of 
1605 Meckel’s diverticula collected from forty-three 
authors, found that 23-8 per cent of them showed 
some form of intestinal obstruction. Of the 43 
cases described here, 15 had intestinal obstruction 
as their primary complication. Three were due to 
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intussusception, § to volvulus, and 2 to the diverticu- 
lum having tied itself in a knot around the terminal 
loop of the ileum. The remaining 5 were due to 
a loop of the small intestine becoming strangulated 
beneath a persistent omphalomesenteric artery lying 
It should be pointed 


in a separate mesodiverticulum. 
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MECKEL’S 


out tt t only those diverticula giving rise to a mechani- 
cal © struction as the primary complication have 
been ncluded under the heading. Others, in which 
inflar: mation, etc, had led to a secondary intestinal 
obstruction due to adhesions around an_ intra- 
perityneal abscess, or due to cedema or kinking of 
the ileum as a result of Meckel’s diverticulitis, will 
be discussed elsewhere. Further, there exists a form 
of obstruction, best described as ‘ intrinsic ’ obstruc- 
tion, in which the ileum or maybe the diverticulum 
itself is obstructed as a result of scarring and stenosis 
at the site of ulceration due to heterotopic gastric 
mucous membrane. This condition, which is 
analogous to pyloric or duodenal stenosis, following 
peptic ulcers, was also encountered. 

These 1§ cases of obstruction during the 10-year 
period under review form approximately 4 per cent 
of a total of 394 intestinal obstructions operated on 
during that time. This figure includes intussuscep- 
tion (290), irreducible hernias (§4), obstruction due 
to adhesions (30), and volvulus (5), but does not 
include congenital intestinal obstructions such as 
duodenal and ileal atresias. 

Seven of the 15 children with obstruction died, 
and it is significant that the only other death in the 
series occurred in the only unoperated case. This 
was an infant who developed secondary intestinal 
obstruction from adhesions around an intraperitoneal 
abscess following acute Meckel’s diverticulitis. 

Four of the obstructions occurred in infants 
within a few weeks of birth and all these died. 
Altogether 6 of the 7 deaths occurred in seven children 
who were under the age of 15 months; 13 of the 
1§ reported were under the age of 6 years. 

a. Intussusception.—Meckel’s diverticulum gives 
rise to intussusception usually by invagination of 
the diverticulum into the lumen of the ileum to act 
as the apex of the intussusceptum. The ileo-ileal 
intussusception thus formed passes through the 
ileocecal valve to become ileo-ileocolic, and this 
occurred in each of the 3 cases described here. The 
diverticulum is usually of the classical type, the 
unattached tip allowing invagination to take place. 
There are two possible theories as to the reason for 
the invagination. The first supposes that it is due 
to disordered peristalsis in the diverticulum; the 
other is based on the observation that one often 
observes that the mucous membrane in the apex of 
the diverticulum is heaped up to form a small pea- 
sized ‘tumour’. This nodule forms the apex of an 
intussusception of the diverticulum itself. Some 
authors believe that the diverticulum sometimes 
undergoes repeated invagination and evagination in 
a mild degree, and that this may explain the inter- 
mittent colicky abdominal pain seen in some patients 
with a Meckel’s diverticulum. 

The clinical picture in intussusception due to 
the diverticulum is identical to that seen in other 
acute intussusceptions. Vomiting, colicky abdominal 
pain, sometimes associated with screaming attacks, 
and the passage of blood and mucus per rectum 
occurred in the 3 cases described and a typical 
sausage-shaped abdominal tumour was present in 
2, while in the other the intussusception presented 
at the anus. In 1 (Case 1) the intussusception was 
rreducible and had to be resected, in another (Case 2) 
‘eduction was possible, but the diverticulum was 
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not removed since the child’s condition was poor. 
Both the children recovered. Case 3 had a reduction 
of the intussusception and a resection of the diver- 
ticulum but died 2 weeks later following a second 
operation for resuture of a dehiscence of the abdominal 
wound. 

These three patients represent 1 per cent of all 
intussusceptions operated on during the period. 
Most of the intussusceptions, however, were under 
the age of 1 year and had no apparent mechanical 
cause. The three due to Meckel’s diverticulum 
were all over I year in age and represent 3-5 per cent 
of intussusceptions over 1 year. It is also interesting 
that apart from the diverticulum an obvious cause 
for acute intussusception was found in only 4 other 
patients (2 due to lymphosarcoma of the intestine, 
I due to a cyst (? reduplication) of the cacum, and 
I to a mass of heterotopic pancreatic tissue in the 
ileum). Two others followed an initial intussuscep- 
tion of the appendix—an interesting analogy to the 
diverticular ones. 

Donhauser and Kelly (1950), in a review of 
intussusceptions, found that in the adult, after 
tumours, Meckel’s diverticulum was the commonest 
cause. Harkins (1933) states that of all diverticula 
showing pathological change, 17 per cent did so by 
producing an intussusception, while Moses (1947) 
puts the figure at 10-9 per cent. The 3 described 
here represent 8 per cent of the 37 that showed 
pathological change. 

b. Volvulus.—Volvulus due to Meckel’s diver- 
ticulum is likely to occur in those in which the 
diverticulum is attached either directly or by a 
fibrous cord to the umbilicus. An axis around 
which a volvulus can occur is thus formed, and this 
was in fact the mechanism in all the 5 examples of 
this condition reported here. 

The first patient (Case 4) was a boy of §} years, 
in whom the diverticulum and about 2 ft. of small 
intestine were gangrenous as a result of the volvulus. 
A resection of the gangrenous area was performed 
and recovery followed. In the second (Case 5), the 
small intestine was viable and only the diverticulum 
was removed after the volvulus had been untwisted. 
This child also recovered. The other 3 cases were 
interesting because they presented as ‘ congenital ’ 
intestinal obstructions. Two of them (Cases 6 and 8) 
were operated upon at 3 and 2 days of age respectively. 
They had vomited since birth, no meconium had 
been passed, and the abdomen was moderately 
distended. Both were thought to be either congenital 
atresia of the ileum or meconium ileus. At operation 
the diverticulum was gangrenous in each case and 
the ileum below the volvulus appeared minute, the 
appearance being exactly as it is in the never-filled 
small intestine below an atresia. The other patient 
in this group (Case 7) also presented as a congenital 
obstruction, but of the incomplete type. A barium 
meal X-ray examination appeared to indicate a 
malrotated small intestine with a partial volvulus. 
Operation at the age of 23 days did in fact show a 
malrotation with a persistent common mesentery of 
the small intestine, but the associated volvulus had 
taken place around the axis of a long diverticulum 
attached to the umbilicus by a band. None of these 
three infants survived the operation by more than 
a few days. The appearances in these cases, and 
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especially in Cases 6 and 8, would appear to indicate 
that the pathological change had taken place 
immediately after birth and, conceivably, even before 
it. Cases are recorded in which gangrene and perfora- 
tion of Meckel’s diverticulum have taken place in 
utero. Apart from one case of patent vitello-intestinal 
duct associated with exomphalos mentioned in the 
literature and two similar cases recorded here, the 
two cases of volvulus (Cases 6 and 8) are probably 
the youngest cases of Meckel’s diverticulum showing 
gross pathology to be recorded. 

The incidence of volvulus in this series is rather 
higher than in most. Here it is 13-§ per cent (§ out 
of 37 showing pathology), whereas Moses (1947) 
found in his composite review of 43 series that it 
formed only 1 per cent of the total. Apart from 
the 5 cases due to Meckel’s diverticulum, only 5 
other children with volvulus were operated on during 
this time. 

c. Obstruction due to Mesodiverticular Bands.— 
The blood-supply of the diverticulum is a separate 
branch of the superior mesenteric artery, and the 
independence of this vascular supply is stressed by 
Miles (1912). Occasionally the omphalomesenteric 
artery supplying the diverticulum is in a meso- 
diverticulum which lies anterior to and separate from 
the mesentery of the small bowel. A triangular 
hiatus is therefore formed, by the mesodiverticulum 
anteriorly, the small-intestine mesentery posteriorly, 
and the diverticulum at the base. Prolapse of a 
loop of small intestine through this hiatus leads to 
an interesting pathological picture which was seen 
five times in this series. The loop of small intestine 
becomes strangulated, although in none of them 
did it progress to gangrene. However, in 4 
patients (Cases 9-12) the omphalomesenteric artery 
thrombosed, presumably owing to the effects of 
the strangulated intestinal loop beneath it, and the 
diverticulum became gangrenous as a result. The 
line of demarcation between the gangrenous diver- 
ticulum and the normal ileum demonstrated clearly 
the independence of blood-supply of the former. 
In some of the cases the strangulated loop was a piece 
of intestine several feet proximal to the diverticulum, 
and the double intestinal pathology thus produced 
could conceivably become a surgical pit-fall. In the 
fifth example of this condition (Case 13), the intestinal 
loop, although partly obstructed, had not yet become 
strangulated and the diverticulum was not yet 
gangrenous. In all 5 cases the mesodiverticulum was 
divided to free the ensnared loop and the diverticulum 
was removed. The presence of the omphalo- 
mesenteric artery in such a band lying across the 
front of the mesentery in a case of Meckel’s diverticu- 
lum calls for two points in surgical procedure. First, 
the band must be ligated before division to prevent 
possible arterial bleeding (and this artery may be 
surprisingly large compared with the relatively small 
size of the diverticular remnant), and secondly the 
diverticulum must be removed if the artery is divided, 
since infarction of the former will necessarily follow. 

d. Obstruction from Diverticular Knots.—The 
literature contains many references to instances of 
intestinal obstruction being caused by a long diver- 
ticulum, or a fibrous cord hanging free from the 
end of a diverticulum tying itself in a knot around 
a loop of small intestine (Dorling, 1941; Finny, 
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1927). Two such cases were seen. The first Cas, 
14) occurred in a newborn infant, and was op: rated 
on at the age of 3 days. There had been vor iting 
since birth, increasing abdominal distension, ang 
no meconium had been passed. A pre-ope ative 
diagnosis of congenital ileal atresia was made |p 
fact, a long diverticulum had tied itself in a kno 
around the terminal loop of ileum. The bowel 
below the obstruction was minute, and exactly like 
that below a congenital atresia (compare Cases 6 and 
8). The ileum was freed and the diverticulum 
resected. The other child (Case 15) was aged 10 
months and presented with severe vomiting and 
abdominal pain, a diagnosis of peritonitis of unknown 
aetiology being made. At operation, again a long 
diverticulum which had knotted itself around the 
terminal ileum was found. The ileal loop was 
gangrenous, but since the child’s condition did not 
allow of an entero-anastomosis, the loop was exterior- 
ized as a double-barrelled ileostomy. Both this child 
and Case 14 died within 12 hours of the operation. 

Leichtenstern (1877), in an analysis of 67 obstruc- 
tions due to Meckel’s diverticulum, found that 12 
were due to diverticular knots. 

2. Peptic Ulcer Types.—Some of the most 
interesting pathological complications of Meckel’s 
diverticulum are due to the presence in it of hetero- 
topic tissue. The percentage of diverticula showing 
this change has been variously reported as 16 per 
cent (Schaetz, 1925), 25 per cent (Matt and Timpone, 
1940), and 50 per cent (Lund, 1945). The hetero- 
topic tissue present is usually gastric mucous mem- 
brane, although other mucous membrane types 
reported have been duodenal, pancreatic, biliary, 
and colonic. 

Several theories have been advanced to try to 
explain the frequency of heterotopia in the diver- 
ticulum. Briefly they are :— 

a. Albrecht’s theory that the endoderm of the 
primitive gut is composed of pluripotential cells: 
some of these cells, persisting in the diverticulum, 
give rise to the various tissues found. (Albrecht, 
1901.) 

b. Farr and Penke’s theory, which states that the 
vitello-intestinal duct is a primitive digestive system 
in itself and secretes various digestive juices to 
utilize the contents of the yolk sac. (Farr and Penke, 


1935.) 
c. The dysembryoma theory of Pierre Masson 
(retarded normal embryological retrogression). 


(Masson, 1923.) 

d. Schaetz’s re-implantation theory, which is 
based on experimental observation that movements 
of the material organisms are communicated to 
the embryo, and that, as a result of these, fragments 
of tissue (e.g., gastric mucous membrane) are torn 
loose and re-implanted at sites of physiological 
narrowing (e.g., the- obliterating vitello-intestinal 
duct). (Schaetz, 1925.) 


Dragstedt (1933) and Waugh, Herrell, and 


Crumpacker (1942) have conclusively demonstrated 
that the heterotopic gastric mucous membrane is 
capable of secreting hydrochloric acid and pepsin. 
Furthermore, Greenblatt, Pund, and Chaney (1925) 
have shown that this secretion is actually stimulated 
by the same secretory hormone that produces secretion 
in the stomach itself, and that this secretion tak-s 
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place .n the heterotopic tissue at the same time as 
in the stomach. Owing to this time factor it is 
unlikely that the intestinal mucous membrane 
adjacent to the heterotopic gastric tissue will be 
protected from the acid and pepsin by the presence 
of food or other neutralizing factors. Therefore, 
peptic ulceration is very liable to occur. This is 
underlined by the experimental studies of Mathews 
and Dragstedt (1932) on the aetiology of peptic 
ulceration showing that the mucosa of the intestine 
becomes progressively more sensitive to the irritating 
properties of hydrochloric acid and pepsin as the 
distance from the stomach increases. Peptic ulcera- 
tion associated with heterotopic gastric tissue in 
a Meckel’s diverticulum will be in the small intestine 
mucosa near to the heterotopic tissue. It may, 
therefore, be in the diverticulum itself in areas of 
normal mucous membrane, or in the ileum at the 
base of the diverticulum. Occasionally, as in one 
patient in this series, it may be in both sites. 

The pathological changes produced by the 
heterotopic gastric tissue resemble in all degrees the 
changes seen in peptic ulceration of the stomach 
and duodenum. Ulceration of the diverticulum or 
the adjacent ileum with severe bleeding and/or 
perforation is a well-known syndrome and has been 
reported by many writers. Fibrosis and stenosis 
following ulceration may also occur and may involve 
either the diverticulum or the ileum. One each of 
these two types of stenosis is reported in this series. 
A less well-recognized syndrome is that described 
by Sibley (1944) as dyspepsia Meckeli. Goodman 
1938) has shown that there is a relationship between 
the secretion of acid in the diverticulum and the 
occurrence of pain, and Burger (1932) has stated 
that when there is ulceration in the diverticulum 
the adjacent small-bowel wall is prone to spasmic 
contractions. Sibley thinks that the presence of 
acid and pepsin in the diverticulum or the adjacent 
ileum may lead to spasm of the musculature even 
in the absence of ulceration, and that this gives rise 
to pain. 

The frequency of ulceration due to the hetero- 
topic tissue has already been discussed and for the 
same reasons it is likely to occur at a young age. 
Matt and Timpone (1940), reviewing 76 histologically 
proved cases, found that 42 (just over 56 per cent) 
were under 10 years of age and 72 (94 per cent) were 
under 30 years. Lund (1945) says that 50 per cent 
of cases showing hemorrhage are under 10 years and 
that § out of 6 of them are boys. Seventy-four per 
cent of Cobb’s (1936) patients were between I and 15 
years old. Moses (1947), in his composite review of 
1605 patients with Meckel’s diverticulum, found that 
peptic ulceration occurred in 496 (30°9 per cent), 
the proportion of male: female varying from 2: 1 
to 5:1. Of these 74 per cent were under I§ years. 
In addition 222 (13-8 per cent) showed perforation, 
and although most of these followed ulceration some 
were due to acute diverticulitis. 

In this series 13 patients are included in this 
group. Seven of these (Cases 16-22) showed gastric 
rucous membrane on histological examination. 
C ise 23 showed no gastric tissue, but a definite ulcer 
© the peptic type was present, and in Case 24, 
a ‘hough no gastric tissue was detected and no ulcer 
S en in the diverticulum, there was a quantity of 
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fresh blood in the diverticulum and in the ileum. 
It has been shown by many authors, and further 
confirmed in some of the cases in this series showing 
heterotopic tissue, that the areas of gastric mucous 
membrane may be small and scattered. Therefore, 
unless serial sections of the whole diverticulum are 
examined small areas of heterotopic tissue may be 
missed. These two patients (Cases 23 and 24), 
having shown other strong evidence of peptic 
ulceration, probably fall into the group in which the 
heterotopia was missed. Of the remaining 4 patients 
(Cases 25-28) one showed no heterotopic tissue on 
section (again only a few sections were examined) 
and in the other 3 cases no histological examination 
was carried out. Their clinical features, however, 
were sufficiently strong to warrant their inclusion 
in this group. In support of this assumption it may 
be pointed out that in several of the cases described 
by Sibley (1944) as dyspepsia Meckeli, no heterotopic 
tissue was found on histological examination, and, 
further, Cobb (1936), who collected 100 cases of 
peptic ulceration in the diverticulum, found positive 
histological evidence of gastric tissue in only 60. 

a. Hemorrhage from Peptic Ulcer.—Six of the 
I3 patients in this group presented as hemorrhage 
from a peptic ulcer associated with heterotopic gastric 
tissue in the diverticulum (Cases 16-21). All were 
in boys and their ages varied from 9 months to 7 
years 2 months, although 4 of them were under 2 
years of age. Five of them had colicky abdominal 
pain with an occasional vomit. In all of them the 
rectal bleeding had been relatively severe and the 
blood passed had varied from bright red to a tarry 
consistency. Both types of blood were passed at 
various times in 3 of the patients. One passed 
bright red blood only (this patient had no abdominal 
pain or vomiting) and the two others had tarry stools. 
In no case was mucus mixed with the blood. Four 
of the children had no abnormal physical signs apart 
from the bleeding. One (Case 21) had evidence of 
subacute small-bowel obstruction, shown at opera- 
tion to be due to fibrosis in the ileum at the site of 
the ulcer. The other (Case 20) had some abdominal 
tenderness and rigidity, a pyrexia of 103°8° F. and 
later developed bruising around the umbilicus. At 
operation he was found to have a perforation of the 
ulcer which was localized by the omentum. 

The hemoglobin levels on admission varied from 
35 to 62 per cent, with a corresponding diminution in 
the red-cell count. Other blood-tests (differential 
and total white-cell counts, platelet counts, and 
bleeding and clotting times) were normal, and 
excluded the various blood diseases as a cause of the 
bleeding. Barium meal X-ray examination of the 
intestinal tract was performed in 2 cases and was 
normal. 

A correct presumptive diagnosis was made in 
4 of the patients. In Case 21 the presence of 
obstruction confused the diagnosis, and in Case 
18 the pre-operative diagnosis was somewhat doubt- 
fully considered to be acute intussusception. All 
cases made an uneventful recovery after operation. 

It will be noticed that in 4 of the cases no ulcer 
was found in the diverticulum itself, and it was 
probably present in the ileum. In Case 17 a wedge- 
shaped piece of ileum was removed at the base of the 
diverticulum and an ulcer was seen in this as well 
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as an ulcer in the diverticulum. One case (Case 20) 
showed an ulcer in the diverticulum. 

It has been demonstrated (Curd, 1936) that the 
heterotopic tissue never extends beyond the diver- 
ticulum into the ileum, and, therefore, there is no 
need to excise any of the latter to eradicate the 
heterotopic tissue. It is conceivable, however, that 
in cases of hemorrhage, an ulcer in the ileum may 
go on bleeding after removal of the diverticulum, 
and in one of Sibley’s cases it was necessary to re- 
open the abdomen and excise the portion of ileum 
containing the ulcer to stop the bleeding. 

Intestinal bleeding due to the presence of a 
Meckel’s diverticulum may occur in circumstances 
other than peptic ulceration. It has already been 
described as occurring in intussusception of the diver- 
ticulum, but here of course mucus is invariably mixed 
with the blood. Bleeding may also be associated 
with inflammation or volvulus of the diverticulum or 
due to thrombosis of the omphalomesenteric artery 
(compare mesenteric artery thrombosis). Its occur- 
rence as a result of infarction of the diverticulum 
was mentioned by Hunter. 

b. Perforation of a Peptic Ulcer.—This complica- 
tion occurred in only one patient in the series (Case 
20) and was associated with severe melzna also. 
Lund (1945) has pointed out that perforation is 
often preceded by hemorrhage. 

Like hemorrhage it most frequently occurs in 
childhood. Thompson (1937) collected 36 cases 
from the literature, the youngest being in an infant 
15 weeks old; 36 per cent of them were under 6 
years of age, and all but one were under 20 years ; 
31 of the 36 were in males. 

Perforation as a result of inflammation or obstruc- 
tion, in the absence of ulceration, also occurs and is 
mentioned. 

c. Intrinsic Intestinal Obstruction.—This condition 
which is analogous to pyloric or duodenal stenosis 
associated with peptic ulceration, was described by 
Waugh and others (1942). Two examples of it are 
described here. Both of them had other more 
serious complications and they have been described 
under these headings. In one (Case 21) the stenosis 
was in the ileum and was associated with bleeding. 
There had also been a history of dyspepsia for 5 years 
previously. The other (Case 33) was associated 
with a gangrenous diverticulitis and the stenosis 
had occurred in the base of the diverticulum. Here 
also there had been a history of dyspepsia, lasting 
4 years in this instance. 

d. Dyspepsia Meckeli.—Sibley (1944), when first 
describing this condition, reserved the diagnosis for 
those cases with symptoms associated with the 
presence of heterotopic gastric tissue but in which 
there was no ulceration. He called the condition 
a pre-ulcerative state of the diverticulum. Here, 
however, it is proposed to include cases with ulceration 
in which dyspepsia had occurred but in which there 
had been no other serious complication such as 
hemorrhage. Seven patients are described here as 
having dyspepsia Meckeli. In some there was no 
positive histological proof of heterotopic gastric 
tissue, but their clinical pictures appear to fit the 
diagnosis. Also it has already been pointed out that 
unless serial sections of the diverticulum are examined, 
small areas of heterotopic tissue may be missed. In 
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addition to the 7 patients described, 2 other pa’ ient; 
(Cases 21 and 33) had had dyspeptic histories before 
they developed other complications. 

The pain associated with this condition may star 
at a very young age, and it is interesting that of the 
13 children included in the section ‘ Peptic Ulce; 
Types ’, 5 had been treated repeatedly as infants fo; 
vomiting and abdominal pain and had been labelled 
‘feeding difficulty’. Since the secretion of acid 
and pepsin occurs at the same time as in the stomach, 
pain often occurs a short time (15 minutes or so) after 
taking a meal. It lasts also only a short time (usually 
half an hour), this interval probably representing 
the time taken for food, bile, etc., to reach the lower 
ileum with a neutralizing effect. Periodicity of 
symptoms occurs as in duodenal ulceration, the patient 
often getting several months free from pain. 

In none of the 7 patients described was a correct 
pre-operative diagnosis made. In each case recurrent 
appendicitis was diagnosed, but the appendix in each 
one appeared normal at operation. 

3. Inflammatory Types.—Inflammation is not 
a common complication of the diverticulum. Moses 
(1947) found that it occurred in 10°3 per cent of his 
reviewed series. Ina further 13-8 per cent, however, 
there was a perforation of the diverticulum, although 
many of these were probably due to perforation of 
peptic ulcers rather than to diverticulitis. In this series 
6 cases of diverticulitis occurred in the 37 showing 
pathological change, an incidence of 16-2 per cent. 

The fact that the diverticulum is relatively short, 
fairly wide, has a much wider base than apex and 
has fluid contents, renders it much less liable to 
inflammatory change than the appendix. On the 
other hand, its central position in the peritoneal 
cavity and the fact that its contents are fluid makes it 
a much greater danger if it does become inflamed or 
if it perforates, a rapidly spreading peritonitis super- 
vening. The vascular supply of the diverticulum 
is to all intents an ‘ end artery’, and acute inflam- 
mation is often associated with thrombosis of the 
vessel and gangrene of the diverticulum. This 
occurred in 3 of the patients reported here. In! 
(Case 30) it is possible that the gangrene occurred as 
a result of torsion of the diverticulum. Gangrene as 
a complication of damage to the omphalomesenteric 
artery in some types of obstruction has already been 
mentioned. 

One of the 6 children in this group died (Case 31 
and was also the only one in the series not operated 
upon. The patient, a girl, had started vomiting 
four days after birth and within the next few days 
developed signs of subacute small-bowel obstruction. 
She subsequently died and post-mortem examination 
showe/ an intraperitoneal abscess, the result of a 
gangrenous diverticulitis. The adhesions surround- 
ing the abscess had produced the partial intestinal 
obstruction. The type of intestinal obstruction 
associated with acute diverticulitis and due to intra- 
peritoneal abscess, adhesions, kinking from a heavy 
inflamed diverticulum or from cedema associated with 
the inflammation, has not been included under the 
heading ‘ Obstructive Types’. It is, however, an 
obvious and very real danger. In fact, the only 


death in this series apart from those included under 
the heading ‘ Obstruction’ occurred in the iniant 
mentioned (Case 31). 
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One interesting possible cause of acute diverticu- 
litis is suggested by Case 33. In contra-distinction 
to most diverticula, this one had a very narrow base 
and was actually pear-shaped. Since the child had 
previously had symptoms suggestive of dyspepsia 
Meckeli for four years it is considered that the narrow 
hase Was due to scarring (intrinsic obstruction) in 
the site of an ulcer at the base of the diverticulum. 
The very narrow base would lead to much less free 
drainage than normal and may have predisposed 
to inflammation. 

Acute diverticulitis simulates acute appendicitis 
and the latter diagnosis is invariably made. If the 
localization of physical signs, however, is immediately 
below the umbilicus Meckel’s diverticulum may be 
suspected. The great danger of acute diverticulitis, 
however, lies in the fact that it may be missed at 
operation. Since it is often associated with an early 
general peritonitis rather than a localized abscess, 
the serous surface of the appendix may be reddened 
and coated with lymph as a result of the peritonitis 
and may be mistaken as the offending viscus. A pre- 
operative diagnosis of appendicitis and the use of a 
small gridiron incision (and this incision is necessarily 
relatively small in children), may further predispose 
to the error. In two of the patients recorded here 
the appendix did at first sight appear to be the 
offending organ, but further search revealed the 
acutely inflamed diverticulum. It is more than 
possible, however, that some cases are missed and 
may account for at least a few of the patients in 
whom following removal of a _ disappointingly 
‘normal’ acute appendix the post-operative course 
is not satisfactory. 

4. Umbilical Types.— Anomalies of the 
ubilicus due to persistence in part or in whole of 
the vitello-intestinal duct are included in this group. 
Three such examples were seen. 

The first (Case 35) was an infant seen at the age 
of 3 months with a history of a persistent discharge 
from the umbilicus since birth. At the age of a 
few weeks an ‘ umbilical polyp’ had been removed, 
but a red velvety tumour had still remained at the 
umbilicus. On inspection this appeared to be 
intestinal mucous membrane lining a fistula which 
extended into the abdomen. Discharge from the 
fistula resembled small-intestinal contents, and a 
patent vitello-intestinal duct was diagnosed. It was 
interesting that very little of the intestinal contents 
did in fact leak out, and there was virtually no 
excoriation of the skin of the surrounding abdominal 
wall. Presumably normal peristalsis in the vitello- 
intestinal duct is from the yolk sac to the midgut 
i.e., away from the abdominal wall), and therefore 
in such cases as this there is a natural tendency 
against leakage. The duct was removed when the 
child was 11 months old and in size of diameter and 
appearance was identical to the ileum to which it 
was attached. This child also suffered repeated 
attacks of colicky abdominal pain and vomiting 
before the duct was removed. 

“he other two patients (Cases 36, 37) both 
Presented as cases of exomphalos major. The 
first was operated upon at the age of 6 hours and 
the second at 1} hours. In Case 36 the patent 
vite lo-intestinal duct opened on to the surface of 
the exomphalos sac and was removed during the 
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operation. This duct on histological examination 
showed gastric mucous membrane at its base. In 
Case 37 the duct was very large and had a bulbous 
end. Its size was in fact one of the major obstacles 
to repair of the exomphalos, but the latter was 
carried out when the duct had been removed. The 
size and shape of this diverticulum might indicate 
that there was in fact a persistence of the yolk sac as 
well as of the vitello-intestinal duct. 

It is of interest that both these infants survived the 
operation for exomphalos. 

These three examples of persistence of the whole 
vitello-intestinal duct were the only ‘ umbilical’ 
anomalies of the duct seen in the series, and they 
represent 7 per cent of the diverticuli seen. This 
figure compares with the generally accepted figure 
of 6 per cent (Thompson, 1937), although Moses 
(1947) found only 2-2 per cent of such complications in 
his review of 1605 diverticuli. A further 1-8 per cent, 
however, were reported as umbilical polyps by him. 

5. Incidental Types.—Of the 43 diverticuli 
described here only 6 failed to show disease, of these 
4 occurred in boys (aged 9 years 2 months, §, 2, 
and 9} years) and 2 occurred in girls (aged 3 years 
5 months and 8 years 4 months). Five were found 
during operations for acute appendicitis, and one 
during a laparotomy for recurrent abdominal pain 
which was found to be due to an ectopic right 
kidney. In all, the diverticulum was of the classical 
type. Histological examination was performed in 
5 cases and in none of these was heterotopic tissue 
found. 


DESCRIPTION OF CASES 


The 37 cases which showed pathological change 
are summarized in Table J, with reference to their 
chief clinical and pathological details. 


SUMMARY 


The embryology of the vitello-intestinal duct, 
the variations in the anatomy that may result from 
persistence of the whole or part of it, and some 
points regarding the presence of heterotopic tissue 
in such remnants are mentioned. 

Forty-three cases of Meckel’s diverticulum in 
children are reported. Thirty-seven of them showed 
pathological complications, and of these 8 died, a 
mortality-rate of 21-6 per cent. These complications 
varied widely in nature, and the types of complication 
seen are discussed. Intestinal obstruction of one 
form or another was the commonest and by far the 
most dangerous of the complications seen. 

The wide variation in the type of disease which 
may involve the diverticulum should be borne in 
mind when some other abdominal, digestive organ 
suspected of disease does not completely explain the 
conditions present. 

There appears to be a tendency for diseases of 
Meckel’s diverticulum to occur at an early age, and 
in this series 7 of the patients were only a few days 
old, while a further 5 were under the age of I year. 
In addition, 5 of the older children had had repeated 
abdominal symptoms in infancy which had been 
labelled ‘ feeding difficulty ’, but were most probably 
associated with the diverticulum. 

In children, particularly, a Meckel’s diverticulum 
should always be looked for routinely at laparotomy 
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and removed if present. The removal of an un- 
complicated diverticulum is a simple and safe 
procedure, while its presence in the abdomen is a 
potential source of danger. 


I should like to thank all the members of the 
Consultant staff of the Children’s Hospital, Birming- 
ham, who have given me permission to publish 
these cases; and also Professor F. A. R. Stammers 
for his helpful advice and encouragement in the 
preparation of this paper. 
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FIVE UNUSUAL ARTERIOVENOUS FISTULE 


By CHARLES ROB anp H. H. G. EASTCOTT 


FROM THE SURGICAL UNIT, ST. MARY’S HOSPITAL, LONDON 


Our reason for recording the case-histories of these 
five patients with arteriovenous fistula is that they 
present unusual and almost unique features. The 
first patient had a large popliteal varicose aneurysm 
which thrombosed ; the fistulae in the second and 
third patients were caused by a surgical operation ; 
the fourth patient developed the symptoms of 
vascular insufficiency 36 years after quadruple 
ligation of the popliteal vessels for an arteriovenous 
fistula; and the fifth patient required urgent 
treatment for an ischemic foot 7 hours after a stab 
wound had produced a femoral arteriovenous 
fistula. 


CASE REPORTS 


Case 1.—P. V., aged 47, was wounded by a bomb in 
1945. The small puncture wound behind the right knee 
bled profusely. He controlled this with a pressure 
dressing. He did not consult a doctor and did not stop 
his work as a Ukranian slave labourer in Nazi Berlin. 
Soon after being wounded he noticed both a swelling and 
a palpable thrill in the popliteal fossa. Later he 
consulted a doctor in Berlin who told him that he had an 


aneurysm and that if he had an operation his foot would 
probably have to be amputated. During the next six 
years he noticed some pain in his leg, but was able to 
perform his work as a labourer with British Railways 
until Dec. 6, 1951, when he developed acute appendicitis. 
He was admitted to hospital and his appendix removed. 
Soon after discharge he noticed that his leg was getting 
very painful. He attended St. Mary’s Hospital on 
Jan. 4, 1952, when the classical physical signs of an 
arteriovenous fistula between the popliteal vessels were 
elicited. On Jan. 10 these signs had disappeared, but he 
had a painful swelling in his popliteal fossa, a cold foot, 
and the posterior tibial and dorsalis pedis pulses were 
absent on that side. An arteriogram (Fig. 68 A) showed 
a dilated femoral artery.ending at the level of the hiatus 
in the adductor magnus muscle. 

At operation he was found to have a fistula 1 cm. in 
diameter between the popliteal vessels. The popliteal 
artery and vein, the fistula, and a large false sac had 
completely thrombosed. The thrombosed vessels were 
resected and continuity of the artery was restored with a 
frozen arterial homograft. The post-operative course 
was satisfactory and the patient left hospital 3 weeks later. 
He has now returned to work. His arteriogram taker on 
the seventeenth post-operative day is shown in Fig. 6° 8. 
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Comment.—Thrombosis of an arteriovenous 
gstula is a rare event. In this patient not only the 
large arteriovenous fistula with its false sac, but also 
the adjacent main artery and vein thrombosed. 
Small fistula and recently acquired fistula may clot, 
but a review of the literature has revealed only one 
example of spontaneous thrombosis of a large and 
jong-standing fistula. Dry and Horton (1936) 
reported the spontaneous closure of a fistula between 
the superficial femoral artery and vein which had 
been present for thirty-three years. They were 
ynable to decide what caused the thrombosis. In 
our patient it seems probable that the veins of the 
calf of the leg thrombosed during convalescence from 
the appendicectomy operation and that this spread 
up to block the main vein, the fistula, and the 
artery. 

Sir James Learmonth (1953) in 1944 operated on a 
soldier, aged 34, who was considered to have had a 
brachial arteriovenous fistula which had thrombosed. 
At operation the artery was found to be patent 
and the vein thrombosed ; a dimple on the artery 
connected with the thrombosed vein. In this in- 
teresting patient it is presumed that the fistula and 
the vein, but not the artery, thrombosed about two 
months after infliction of the wound which caused it. 


Case 2.—G. L., aged §7, was referred to us by Mr. 
Alan Birt of Norwich. He complained of shortness of 
breath on exertion and swelling of the ankles. Fifteen 
years before, following the arthrodesis of a congenitally 
dislocated hip, he had developed an arteriovenous fistula 
between the common femoral vessels. 

On admission he was found to have a pulse-rate of 
120 with auricular fibrillation and a blood-pressure of 
140/20. The heart was grossly enlarged, the transverse 
diameter measuring 183 mm. on X-ray examination ; 
there was a systolic murmur at the apex. He had edema 
of the ankles and a tender palpable liver. An arterio- 
venous fistula was present between the right common 
femoral vessels. Occlusion of the fistula produced a 
bradycardia phenomenon of 45 points. In view of the fact 
that he had cardiac failure, he was treated with digitalis. 
When his condition had improved the fistula was excised. 
At operation the diameter of the fistula was 12 mm. It 
was possible to restore the continuity of the common 
femoral artery by an end-to-end anastomosis. The pulses 
remained palpable at his foot. He was discharged from 
hospital 3 weeks later, when the transverse diameter of 
his heart had decreased to 149 mm. In spite of a course 
of quinidine, auricular fibrillation was still present. 
With digitalis his pulse-rate at rest was 68. 


Case 3.—D. P., aged 36, had suffered from osteo- 
myelitis of the right fibula for twenty years. During 
1949 the right fibula was excised. The operation was 
uneventful and the post-operative course satisfactory, 
apart from the fact that the patient noticed a ‘ buzzing’ 
sensation in his leg from the fourth post-operative day. 
Later he complained that he could not work because of 
pain and swelling of the foot and ankle. An arterio- 
venous fistula between the upper part of the posterior 
tibiel artery and vein was diagnosed, and its presence 
conirmed both with an arteriogram and at operation, 
when the fistula was excised. 


Comment.—In these patients arteriovenous 
fis ula developed as a result of surgical operations, 
Pc ssibly an orthopedic spike retractor injured the 
ccmmon femoral and the posterior tibial vessels. 
¥ > have only seen one other case. During a recent 
Vv it to New Zealand one of us saw a patient who 





FIVE UNUSUAL ARTERIOVENOUS 


FISTULA 69 
complained that four days after a subtotal thyroidec- 
tomy she felt something give way in her neck. On 
examination four years later this patient had a small 
arteriovenous fistula between the superior thyroid 
artery and vein. Presumably the ligature which 
occluded the superior thyroid vessels cut through and 





A B 


Fic. 68.—Arteriograms from the first patient taken before 


and after operation. The figure on the left (A) shows the oc- 
cluded femoral artery with the bomb fragment. The result of 
an artery graft is shown in B; note the dilated femoral 
artery in a patient with an arteriovenous fistula compared 
with the normal calibre of the graft. 


produced the fistula. These vessels are usually tied 
with a common ligature for both the artery and vein ; 
it is surprising that this procedure does not result 
more often in the formation of an arteriovenous 
fistula. The probable explanation for the rarity of 
a post-operative arteriovenous fistula is that the 
surgeon notices and deals with the injured vessels ; 
in war both aneurysms and arteriovenous fistulz 
occur more frequently in untreated wounds than in 
those wounds which have been excised. 

The arteriovenous fistula which William Hunter 
described in 1764 followed blood-letting. It is of 
interest that this, the first arteriovenous fistula to 
be described, followed a surgical procedure. After 
that date numerous similar cases were recorded 
and the literature contains sporadic reports of arterio- 
venous fistula occurring after various surgical opera- 
tions, including one between the common iliac artery 
and the inferior vena cava after an operation for 
prolapsed intervertebral disk (Linton and White, 
1945), the anterior tibial vessels following the intro- 
duction of a Steinmann’s pin (Gamm, 1942), the 
vessels in an amputation stump (Stuart, 1929), the 
geniculate vessels following a menisectomy (Elkin 
and Banner, 1946), the uterine vessels after hysterec- 
tomy (Elkin and Banner, 1946) and the superior 
thyroid vessels after thyroidectomy (Downes, I914). 


Case 4.—C. B., aged 59, was wounded during 1915 in 
the left popliteal fossa ; an arteriovenous fistula developed 
between the popliteal vessels ; this was treated in 1916 
by a quadruple ligation operation. The result was 
excellent and he was able to return to full duty as a 
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physical training instructor in the regular army. In 
1951 he developed intermittent claudication, which got 
steadily worse until his admission to hospital in January, 
1953. On admission he complained that his foot was 
cold and numb and that his claudication stopped him at 
100 yd. He had no palpable pulses in his left foot ; they 





A B 
Fic. 69.—Arteriograms from the fourth patient. 
popliteal artery and vein were ligated in 1916 for an arterio- 


The 


venous fistula. He had an artery graft in January, 1953. 
The arteriograms were taken in 1953: A, before, and B, three 
weeks after reconstruction. 


were palpable on the right side. An arteriogram (Fig. 
69 A) showed complete occlusion of the popliteal artery 
at its upper end. 

At operation the popliteal artery and vein were found 
to have been ligatured; there was some arteriosclerosis 
with recent thrombus formation in the main artery 
proximal to the point of ligature. Continuity was 
restored with a frozen arterial homograft (Fig. 69 B). 
He is back at work. 


Comment.—This patient developed the symp- 
toms which one might expect to arise in a man whose 
popliteal artery had been tied thirty-six years before. 
As he grew older his vessels became arteriosclerotic 
and his collateral circulation proved to be inadequate. 
He was treated by a blood-vessel graft. His case- 
history indicates how some of these patients can be 
helped by reconstructive vascular surgery. 

In view of the re-awakened interest in blood- 
vessel grafting, it is of value to record that the first 
successful repair of an arteriovenous fistula by a 
blood-vessel graft was carried out by Coenen, of 
Breslau, in 1913. He excised a femoral arterio- 
venous aneurysm and reconstructed the artery with 
a saphenous vein autograft. And in the same year 
Lexer reported that of his first three vein grafts, two 
were functioning satisfactorily and one had been in 
position for nearly two years. 


Case 5.—Cpl. C., of the U.S. Air Force, was working 
as a butcher when the knife slipped and entered his left 
groin. He controlled the bleeding by direct pressure. 
Two hours later he was seen by Major Windham, also 
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of the U.S. Air Force, who decided that he had an a terio. 
venous fistula between the common femoral vessel: He 
was transferred to the wards of Professor Charles Wel) 
at the Liverpool Royal Infirmary, where one of 15 say 
him. On examination four hours after injury he was 
found to have a wound 1 in. long over the left co: amon 
femoral vessels, from which blood was spurting - this 
was controlled by a pressure dressing. A thril: was 
palpable over the femoral and iliac arteries. Auscul:ation 
revealed a systolic and diastolic murmur which was 
conducted up the iliac vessels but not down the thigh, 
His pulse-rate was 90 and blood-pressure 140/60 ; he had 
received a transfusion of 2 pints of blood. Compression 
of the left external iliac artery slowed his pulse-rate to 
76. An interesting feature was the state of the limb 
distal to the injury. The left foot was cold, the pulse was 
not palpable in the left popliteal, dorsalis pedis, or 
posterior tibial arteries. An oscillometer applied to the 
calf of the leg showed a maximum excursion of 13 units 
on the sound limb and of less than 1 unit on the injured 
side. In view of the continued hamorrhage and the 
state of the circulation in the foot, an emergency operation 
was performed. 

At operation the common femoral vein was found to 
have wounds about 1-5 cm. long on both its anterior and 
posterior walls adjacent to the junction of the superficial 
femoral with the profunda vein. The common femoral 
artery was completely divided, the lower end _ had 
retracted, whilst the upper end was lying within the 
lumen of the common femoral vein. The femoral artery 
was repaired by an end-to-end anastomosis and the vein 
by suture of the lacerations. The pulses returned to the 
foot, venous insufficiency did not develop, and the patient 
was transferred after four days to his camp hospital. He 
has returned to full duty. 


Comment.—This patient presents two interest- 
ing features. First, an arteriovenous fistula developed 
between a completely divided artery and the accom- 
panying vein ; as a result, all of the common femoral 
blood-flow passed directly into the vein. This 
unusual lesion may account for the presence of the 
classical signs of an arteriovenous fistula only two 
hours after injury. Secondly, the patient had a cold 
ischemic foot. The foot distal to an arteriovenous 
fistula is usually cool, but the pulses are often present 
and serious ischemia is rare. In this patient the 
peripheral ischemia was probably due to the complete 
division of the common femoral artery. 

We support those surgeons who advise that 
arteriovenous fistula should be treated conservatively 
for the first three or more months to allow the collateral 
circulation to develop. After this interval operation 
is safe ; even if reconstructive surgery fails, gangrene 
rarely follows. But there are exceptions to most 
rules, and this patient required urgent surgery because 
of the threatened gangrene of the foot. 
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GASTRIC LYMPHOSARCOMA 


By JOHN A. BATY, SHREWSBURY 


SarcOMA of the stomach is not common and most 
quthors state that rather less than 500 cases have 
been reported, the incidence varying between 0-3 
and 2 per cent of all gastric tumours. The text- 
books have little information to give on the subject, 
and in the past ten years gastric sarcoma have only 
twice been the subject of a paper in the BRITISH 
JOURNAL OF SURGERY; on each occasion a single 
case was reported, one round-celled (Porritt, Hughes, 
and Campbell, 1944), the other spindle-celled 
Wolman, 1946). 

From North America the reports are less infre- 
quent: Snoddy (1952) reviewed 34 cases from the 
files of several hospitals, and the Mayo Clinic 
reported a yearly incidence of from I to 6 cases. 

There is considerable diversity of opinion in the 
classification of gastric sarcomata, but it does appear 
that the lymphoid tumours are not so rare as the 
liomyosarcomata (Meissner, 1950). In the last 
few years the author has operated on 3 cases of 
gastric sarcoma and these all proved to be types of 
lymphosarcoma. 


CASE REPORTS 


Case 1.—Mr. J. W., farmworker, aged 46, was 
admitted to hospital on Oct. 2, 1950. 

History.—Apart from periodic flatulence, the patient 
had had no dyspepsia until about a week prior to admission 
when he experienced pain in the upper left abdomen. 
Relief came from alkalis and thes¢ kept him comfortable 
until 20 hours before admission. The pain then returned 
with increased intensity and no ease was obtained with 
the alkaline mixture. A few hours before admission he 
was suddenly seized with intense pain which radiated 
over the whole abdomen. Nausea was present but no 
vomiting had occurred. The practitioner advised 
admission to hospital with a diagnosis of perforated 
peptic ulcer. 

On ADMISSION.—The patient was well nourished and 
had a fresh complexion. Temperature 100°, pulse 84, 
respirations 20, blood-pressure 130/90. The skin was 
warm, the tongue moist. No abnormality was found in 
the lungs or the cardiovascular system. Respiration was 
entirely thoracic and the immobile abdomen was tender 
and rigid in all quadrants, the maximum tenderness 
being above and to the left of the umbilicus. A release 
sign was present. No loss of liver dullness and no flank 
dullness could be detected. Peristaltic sounds were 
present but infrequent. Rectally the pelvic peritoneum 
was tender. The remainder of the examination was 
negative. 

OPERATION.—This was carried out an hour after 
admission. Anesthetic (Dr. Polland): pentothal, nitrous 
oxide, oxygen, and curare. Under the anesthetic it was 
possible to palpate a mobile mass on the left side, just 
above the umbilicus. The abdomen was opened through 
a left upper paramedian incision and a moderate quantity 
of clear free fluid escaped. The palpated swelling was 
found to be lying between the greaier curvature of the 
Stomach and the transverse colon, and it was excised 
alon: with the surrounding cedematous omentum. In 
the stomach immediately adjacent to the swelling was a 
loca ized tumour which felt like a small fig ; it appeared 
to 'e in the mucosa and not adherent to the muscle. 
A vedge resection of the area was carried out and 
the stomach closed in three layers. The only other 





abnormality to be found in the abdomen was an area of 
dense adhesions between a loop of ileum and an old 
appendicectomy scar. Having freed the adhesions and 
reperitonized the raw areas, the abdomen was closed in 
layers without drainage. 

The post-operative course was uneventful and without 
the need for any antibiotics. He was discharged from 
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Fic. 7¢.—Case 1. Portion of stomach wall removed 
at operation, showing ulcerated growth projecting on the 
mucosai aspect. 


hospital a fortnight after admission. Before leaving 
hospital several investigations were carried out, the results 
being as follows :— 

W.R. and Kahn: Negative. 


R.B.C. : 46 mil per c.mm._ Red-cell 
cytology normal. 

Hb: 85 per cent (Haldane). 

on 0°93. 

Total W.B.C.: 6600 per c.mm. 

Differential :— 


Polymorph neutrophils: banded o per cent; 

segmented 58 per cent = 3830 per c.mm. 
Lymphocytes 41 per cent = 2700 per c.mm. 
Monocytes I per cent = 66 per c.mm. 

PATHOLOGIST’S REPORT.—The mass 6 X 4 X 3 cm. 
removed from between the greater curvature of the 
stomach and the transverse colon consisted of lymphatic 
and connective tissue containing a soft grey nodule of 
necrotic material about 14 cm. in diameter. 

Microscopically this nodule contained collections of 
Gram-positive cocci; a layer of loose connective tissue 
separated it from lymphoid tissue containing many 
follicles. 

Examination of the rounded piece of stomach wall 
(44 cm. in diameter and up to 14 cm. thick) removed at 
operation showed an ulcerated growth 3 cm. in diameter 
arising from the mucosa (Fig. 70). 

Microscopically there was recognizable gastric mucosa 
at the periphery. More centrally this mucosa gradually 
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disappeared and the mass of lymphoid cells increased. 
The primitive lymphoid cells of the tumour were growing 
in a follicular pattern and could be seen to be beginning 
to infiltrate the muscularis. A histological diagnosis of 
‘follicular lymphosarcoma of the stomach’ was made 
(Fig. 71). 
PROGRESS.—When seen a month after operation, the 
patient was free from symptoms. In the light of the 
histological report, the problem arose whether or not to 





Fic. 71.—Case 1. Showing the follicular pattern of the 
primitive lymphoid cells. (* 47.) 


proceed with a total gastrectomy. A barium meal on 
Dec. 2 revealed a normal stomach with no impairment 
of peristalsis. Further surgery was decided against and 
a full course of radiotherapy was carried out under the 
supervision of Dr. E. J. Richardson. Altogether about 
1750 r of deep X rays were given to the upper abdomen 
and discontinued on Jan. 15, 1951, when the W.B.C. 
had fallen to 2500 per c.mm. Thereafter the white 
count gradually increased and had reached 4000 per 
c.mm. by March 5. Apart from occasional flatulence 
the patient remained asymptomatic and he returned to 
his work at which he has continued since then. Peri- 
odically he has been re-examined through the Follow-up 
Department and at no time has there been any sign of 
splenic or lymph-node enlargement. Radiography of 
the chest revealed no abnormality. In June, 19§2, there 
was a period of increased flatulence and a barium meal 
was repeated. This revealed no evidence of any gastric 
abnormality and when seen a fortnight later the patient 
reported that his symptoms had cleared spontaneously. 
Since then there has been no further complaint; the 
patient continues with his ordinary work and takes a 
normal diet without any discomfort. 


Case 2.—Dr. H. G., a medical practitioner, aged 66 
was admitted to hospital on May 22, 1950. 

History.—In April, 1950, for the first time the 
patient began to suffer from dyspepsia, which took the 
form of severe epigastric pain about two hours after 
food. He found it necessary to take out with him alkali 
with belladonna, and this, along with a drink of milk, 
brought temporary relief. There was no nausea or 
vomiting. Although the appetite remained fair, within 
a few weeks there was a definite loss of weight. Since 
the symptoms persisted in spite of diet and medicine, 
the patient was admitted to hospital for further investi- 
gation under the care of Dr. W. D. Wallace. 

When the patient was 58 years old he had developed 
an enlarged inguinal gland. An excision biopsy had 
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revealed chronic lymphatic leukemia and the di 


Osi 
was confirmed by the blood-picture, the whit cane 
being 13,000 per c.mm. and lymphocytes 68 pe cent 
From time to time there was enlargement of cervi: al ang 
axillary glands, but following radiotherapy there was , 
diminution in size of the glands and an improven ent jp 
the blood-count. Until the development of the dys pepsi 
there had been no apparent advance in the disease, ang 
he was able to carry on his work in a busy niedicaj 
practice. 

ON ADMISSION (May, 1950).—The patient presented 


evidence of loss of weight and there were modcrately 
enlarged firm glands in both axilla, the posterior triangles 
of the neck, and the inguinal regions. No abnormality 
was to be found in the respiratory or cardiovascular 
system. The abdomen was scaphoid, with tenderness 
and guarding in the upper right quadrant. No tumour 
could be detected. The spleen was palpable to a finger- 
breadth below the costal margin; the liver was not 
enlarged. On rectal examination the only abnormality 
found was a large adenomatous prostate. 

INVESTIGATIONS.—The test-meal revealed the presence 
of free hydrochloric acid. In one of the stool specimens 
occult blood was reported as being present. 

Barium Meal (Dr. Humphrey Foy) (Fig. 72).—The 
stomach is of normal size and free from hypersecretion. 
There are long periods of hypotonicity interposed with 
short periods of marked gastric irritability, during which 
the stomach empties rapidly. When the stomach is 
partially empty a large irregular ulcer crater is visible on 
the posterior wall of the stomach in the pyloric region. 
Surrounding the ulcer is a well-defined rim of tissue 
projecting into the lumen of the stomach. There is also 


induration of the whole of the posterior wall of the 
stomach in this region and this, with the ulcer crater, 
coincides with the palpable mass in the right upper 
abdomen. 

Radiologically the appearances seen in the pyloric 
characteristics of a 


end of the stomach have all the 





FiG. 72.—Case 2. Radiograph of the barium meal showing 
the crater on the posterior wall of the pyloric antrum. 


malignant lesion and on the surface of which is a deeply 
set ulcer crater. 
Blood Examination (June 3).— 


R.B.C.: 4:5 mil per c.mm. Red-cell cytology 
normal. 

Hb: 14°0 g. per cent (9§ per cent Haldane). 

W.B.C.: 11,000 per c.mm. 


Differential :— 
Polymorph neutrophils: banded 2 per cent; 
segmented 36 per cent = 4200 per c.mm. 
Lymphocytes §9 per cent = 6500 per c.mm. 
Monocytes 3 per cent = 300 per c.mm. 
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Platelets :— 
300,000 per C.mm. 
Bleeding time = 3 min. 
Clotting time = 6 min. 
OvERATION.—This was carried out on June 7. Anzs- 


thetic (Dr. Zair): pentothal, nitrous oxide, oxygen, and 
ether. The abdomen was opened through a left 
aramedian incision. There was no free peritoneal 


fluid and the thickened indurated pyloric antrum could 
easily be delivered. The spleen was enlarged and there 
were numerous soft, pink, fleshy enlarged glands in 
relationship to the curvatures and in the region of the 
head of the pancreas. No other abnormality could be 
detected and a four-fifths gastrectomy was carried out, 
continuity being re-established with a short antecolic 
loop of jejunum which was anastomosed in three layers, 
in the Hoffmeister modification of the Polya method. 
The abdomen was then closed in layers without drain- 
age. The patient received intravenous normal saline 
during the operation. His condition was satisfactory on 
leaving the theatre and afterwards the post-operative course 
was uneventful. 

Pathologist’s Report.—The portion of stomach re- 
moved measured 20 cm. along the greater curvature and 
13 cm. along the lesser curve. There was a mass 3 cm. 
in diameter forming a rounded swelling projecting from 
the greater curve 3 cm. from the distal cut end of the 
specimen. 

Viewed from within, the affected area formed a recess 
communicating with the cavity of the stomach with a 
roughly circular orifice. The wall in this area was 
thickened and the mucosa covering it thin and flattened, 
but there was no obvious ulceration (Fig. 73). 

Microscopically the gastric mucosa was intact at the 
edge of the infected area, but the muscularis was heavily 
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was ‘ lymphosarcoma of stomach associated with chronic 
lymphatic leukemia ’ (Fig. 74). 

PROGRESS.—The patient left hospital twelve days after 
operation and was soon taking a varied diet without any 
discomfort. 


As he became more mobile there was a 





FIG. 73.—Case 2. The specimen removed at operation 
and laid open along the lesser curvature to show the crater 
in the pyloric antrum. 


complaint of pain in the right thigh, but radiography 
showed no changes in the femur and the discomfort 
gradually eased. 
developed, confining the patient to his room for the 


In October, 1950, a febrile illness 





F1G. 74.—Case 2. 


infiltrated with a mass of pleomorphic cells lying in a 
fine trabecular stroma. These included lymphocytes, 
neutrophils, and eosinophil polymorphonuclears, as well 
as some histiocytes and reticulum cells, but the infiltrating 
cells at the edge of the growth consisted mainly of 
lymphocytes. The centre of the growth was ulcerated. 
Three lymph-nodes found along the greater curvature 
vere also examined microscopically. There was a diffuse 
increase in small lymphocytes in the medulla, with partial 
loss of the follicular pattern. The histological diagnosis 





Photomicrographs of sections of the tumour showing infiltration of the muscularis. A, ~ 75; B, ~ I§0. 


winter. The attacks were ushered in with rigors and a 
month was the longest interval of freedom. Salmonella 
typhimurium was repeatedly cultured from the stools and 
on one occasion from the blood. At first there was 


response to chloramphenicol and later aureomycin, but 
gradually antibiotics failed to control the infection and 
persistent pain developed in the right leg and back. 
No abnormal neurological signs were present and there 
was no increase in the size of the spleen or lymph- 
nodes. 


The patient remained free from dyspepsia, but 
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steadily lost weight. In May, 1951, his blood-count 
was: Hb 10-4 g. per cent, R.B.C. 3-6 million per c.mm., 
white count 10,000 per c.mm., 40 per cent lymphocytes. 
It was noted that febrile periods were related to move- 
ment and once again the blood-culture was positive. 
Backache became more severe and intense girdle pains 
required increasing sedation. 

Radiography of the spine showed a destructive lesion 
in the bodies of T.12 and L.1. The spinal lesion was 
considered to be leukemic rather than osteomyelitic 
complicating the Salmonella infection. 

On the advice of Professor A. P. Thompson, the 
patient was given nitrogen mustard 10 mg. every other 





Fic. 75.—Case 3. Radiograph of the barium meal on 


March 15, 19§2. 


day for three doses. This did not materially affect the 
condition, and the patient returned home on May 27, 
1951, dying a few weeks later. 


Case 3.—Mr. A. S., engine driver, aged 66, was 
admitted to hospital on June 22, 19§2. 

History.—Although subject to dyspepsia for many 
years, it was only some three weeks prior to admission 
that the patient had been experiencing really severe epi- 
gastric pain which at times made him roll on the floor 
in agony. Even milk precipitated attacks, the pain 
coming on within a few minutes. On occasions he had 
vomited with temporary relief. The appetite disappeared 
completely and weight was rapidly being lost. The 
bowels were constipated and the salts he took to produce 
an action aggravated his upper abdominal pain. During 
the previous four months the patient had gradually 
developed a painless swelling on the right side of the 
neck and he stated that for at least five years, from time 
to time, swellings had appeared and disappeared on both 
sides of the neck. The patient had served fourteen years 
with the Colours, joining at the age of 17. His Army 
illnesses included dysentery and malaria whilst in India ; 
he was gassed in the First World War. As long ago as 
1930 he received hospital treatment for hamatemesis, 
and at that time was told he had an ulcer. With periodic 
medical measures he remained reasonably free from 
abdominal symptoms until towards the end of 1951. 
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Loss of appetite was then his initial complain: ang 
within a few weeks he began to experience mild a tacks 
of epigastric pain which radiated over the chest, soon 
after food. Because of the increasing severity «{ his 
pains, he was admitted to another hospital, where v: rioys 
radiographs were undertaken. 

On March 15, 19§2, cholecystogram showed a nor‘nally 
functioning gall-bladder. Chest is reported as shi wing 
well-marked chronic inflammatory changes in both lung 
fields, superimposed on a moderate degree of emphysema, 
A lesion very suggestive of healed tuberculosis was seen 
in the right apex. Barium meal: “* There is a localized 
area of spasm and tenderness involving the mid portion 





FiG. 76.—Case 3. Radiograph of the barium meal on 
June 25, 1952, showing distortion of the mucosal pattern 
and the filling defect in the pyloric antrum. 


of the stomach, and on the lesser curvature a small 
shallow ulcer is just visible in this region. No other 
abnormality was noted in the stomach or duodenum.” 
(Fig. 75.) 

By the time the various radiographs had been com- 
pleted the patient’s abdominal symptoms were less 
troublesome. Deafness and nasal obstruction led to a 
submucous resection being carried out in May, 19§2. 
Within a month, the epigastric pain was causing distress 
and the patient was admitted to the Royal Salop Infirmary 
(Copthorne). 

On ADMISSION (June 22).—The patient had a gaunt 
appearance and presented ample evidence of a consider- 
able loss of weight. The prominent cervical swelling on 
the right consisted of a mass of firm glands extending 
from the angle of the jaw into the posterior triangle, 
where a few discrete enlarged glands were felt above the 
clavicle. The patient was edentulous and the tongue 
was dry and coated. No gross abnormality could be 
detected in the respiratory or cardiovascular systems. 
Blood-pressure 100/80. The abdomen was not distended. 
Acute tenderness and guarding were present in the upper 
abdomen, but no swelling could be palpated and no 
visceral enlargement detected. There was no evidence 
of free fluid. Peristaltic activity wasnormal. A reducib'e 
right inguinal hernia was present and immediately above 
it in the right iliac fossa was a palpable gland. Rect! 
examination was negative. 
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Ou June 25, barium meal was reported as follows : 
“The esophagus was normal. There is most probably 
an ulcer niche on the lesser curvature of the stomach in 
the pyloric antrum. The pyloric antrum shows a 
constant irregularity of both curvatures, there is dis- 
tortion of the mucosal pattern, and there is a suggestion 
of a filling defect. There was no delay in the meal 
leaving the stomach, in fact the barium left rather rapidly 
and there seemed to be some loss of the normal flexibility 
of the pyloric antrum. The appearances are more sug- 
gestive Of neoplasm of the pyloric antrum than of spasm 


secondary to benign ulceration.” (Fig. 76.) 
At OPERATION (July 1).—Anesthetic: (Dr. Zair) 
pentothal, nitrous oxide, oxygen, and ether. The 


abdomen was opened through a left paramedian incision 
to reveal a thickened and indurated pyloric antrum, with 
no posterior fixation. A number of enlarged glands were 
present along the greater curvature. Liver and spleen 
felt normal. A four-fifths gastrectomy was performed 
and continuity re-established with a short antecolic loop 
of jejunum which was anastomosed in three layers in the 
Hofmeister modification of the Polya method. The 
abdomen was then closed in layers without drainage. 
During the operation 2 pints of blood were given and on 
return to the ward with a normal saline drip the patient’s 
condition was quite satisfactory. The post-operative 
course was uneventful and no antibiotics were required. 

PATHOLOGIST’S REPORT.—The portion of stomach 
removed at operation measured 10 cm. along the lesser 
curve and 22 cm. along the greater curve, a mass of 
malignant glands being attached at the pyloric region. 
For a distance of about 8-5 cm. upwards from the pylorus 
the stomach wall was thickened and ulcerated, this ulcer- 
ated area being defined by a rolled margin proximally 
and distally (Fig. 77). Microscopically in the thickened 
part of the wall the mucosa had been replaced by a wide 
zone of lymphocytes. Its surface was ulcerated. The 
lymph-nodes had lost their normal pattern and were 





Fic. 77.—Case 3. 
open along the lesser curvature, showing t 
the growth. (x 2.) 


Partial pee meage | specimen laid 
e rolled edge of 


composed entirely of masses of lymphocytes separated 
by a few fibrous trabecule (Fig. 78). 
histological diagnosis of 
ston ach ’ was made. 
/ t this time haemoglobin was 98 per cent (Haldane), 
ted- ell cytology normal, W.B.C. 7000 per c.mm. 
ifferential :— 
Polymorph neutrophils, segmented 73 per cent = 
5110 per c.mm. 
Eosinophils 6 per cent = 420 per c.mm. 


‘lymphosarcoma of 
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Lymphocytes 15 per cent = 1050 per c.mm. 
Monocytes 6 per cent = 420 per c.mm. 
B.S.R.:— 
16 mm. fall in $ hr. (Wintrobe). 
37 mm. fall in 1 hr. 
LATER PROGRESS.— (Figs. 79, 80.) A course of radio- 
therapy was followed by a rapid diminution in the size 





Photomicrograph showing the masses of 
1§0.) 


Fic. 78.—Case 3. t 
lymphocytes infiltrating deep to the mucosa. ( » 


of the cervical swellings. A month later, when the patient 
attended the out-patients department, he was completely 
free from all abdominal symptoms, his appetite had 
returned, and he was taking reasonable meals without 
discomfort. The weight had increased by several pounds 
and the cervical swellings had further diminished in size. 
The patient remained well until Sept. 8, when acute symp- 
toms rapidly developed and he was re-admitted as an 
emergency. He was in acute respiratory distress and had 
gross oedema of the head, neck, and upper extremities. 
Portable radiography of the chest showed obliteration of 
the right lung in the upper and middle zones. 

A course of aureomycin was given and further radio- 
therapy commenced. The patient was rather less dis- 
tressed when continuous oxygen was administered and 
there was a slight lessening of the cedema before death 
occurred on Oct. I. 

At post-mortem, ten hours after death, generalized 
disease of the reticulo-endothelial system was found. 
As well as the enlarged lymph-glands on both sides of 
the neck in the axille and groins, other lymphoid masses 
were found in the mediastinum and abdomen. These 
lymph-glands were fleshy and sometimes streaked by 
hemorrhage. They varied in size from I cm. to § cm. 
in diameter. The largest mass was in the mediastinum, 
separated from and behind the thymus. It had encircled 
and narrowed the superior vena cava and the trachea 
and was spreading via the peribronchial lymphatics into 
the right lung. The mucosa of the right main bronchus 
was lifted up by tumour deposits and the eparterial bronchus 
narrowed. The right pleural sac was obliterated by dense 
adhesions and the visceral pleura thickened by growth. 

The liver contained two small tumour nodules in the 
lower part of the right lobe ; the spleen was normal in 
size but many small tumour nodules could be seen on the 
cut surface. Similar growth was found in the left 


kidney, left adrenal, and in the epicardium covering the 
ventricles, where it was associated with a pericardial 
effusion. 
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The left middle ear contained pus, but no organisms 
were grown. The stomach anastomosis was healthy 
and free from growth. 

Microscopically blocks from the spleen, liver, lung, 
kidney, pleura, adrenal, and a para-aortic lymph-node all 
contained similar deposits. These consisted of masses 
of pleomorphic cells of lymphoid type forming little or no 
reticulin. Mitoses were frequent and multinucleate 
tumour giant cells were commonly seen, and a 





Fic. 79.—Case 3. Clinical photograph taken shortly after 


operation. 


considerable proportion of these were of the mirror-image 
type. In places areas of necrosis were found. 

The post-mortem diagnosis was ‘ Hodgkin’s sarcoma ’” 
involving stomach, liver, kidney, lung, and lymph-nodes. 


DISCUSSION 
Sarcoma of the stomach may arise from fibrous 
tissue, including nerve-sheaths (fibrosarcoma), 


smooth muscle (leiomyosarcoma), or lymphoid tissue 
(lymphosarcoma). The further subdivision of 
lymphosarcoma, as of all malignant disease of the 
reticulo-endothelial system, presents a problem for 
the pathologists; suggestions vary in complexity 
from Robb-Smith’s to Willis’s, but, from the 
practical point of view of prognosis, the exact 
pattern of the growth appears to have little signifi- 
cance. 

Levin (1919) believed lymphosarcoma to be a 
Systemic disease involving the whole lymphoid 
system at the same time, and in view of this he 
considered surgery irrational treatment. In none of 
the cases previously reported is there a note of the 
presence of a general reticulo-endothelial disorder. 
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At first sight, two of the above cases would aj pear 
to be examples supporting Levin’s statement. | ‘ow- 
ever, the patient with chronic lymphatic leuk emia 
was in reasonable health for some eight years b=fore 
lymphosarcoma developed in the stomach. In the 
other, for five years before sarcoma appeared the 
reticulo-endothelial system had been unstable. [Ip 
neither case was lymphosarcoma at first present, but 





Fic. 80.—Case 3. Clinical photograph taken after radio- 


therapy course. 


the existing disease of the lymphoid tissue pre- 
disposed the individual to the development of 
lymphosarcoma in the stomach ; in fact, it could be 
regarded as a presarcomatous condition. 

Most authors state that the symptoms of gastric 
sarcoma are as protean as in gastric carcinoma and 
that distinction between them is impossible. Whilst 
admitting that two of the cases have a number of 
features in common with carcinoma of the stomach, 
in all three cases epigastic pain was a striking symp- 
tom. In one it was so severe that it led to a diag- 
nosis of perforated ulcer; in another it simulated 
an active duodenal ulcer which would not yield to 
the usual measures; in the third, pain was s0 
intense that the patient rolled about in agony as 
severe as that of biliary colic. 

Both Snoddy (1952), in his review, and Turcot 
(1952) report that epigastric pain, often severe and 
persisting, was the outstanding feature. It is gener- 


ally stated that, as in gastric carcinoma, the onse! of 


sarcoma is insidious and the condition often well 
advanced by the time the patient seeks treatme it ; 
such was not so in this group. In each instanc: it 
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was the severe nature of the pain which led the 
patient to seek medical advice before the sarcoma 
had invaded other structures or had metastasized. 
Perkel and Macchia (1950), in their case of reticulum- 
cell sarcoma of the stomach, reported the develop- 
ment of a terminal pyrexia and post-mortem 
examination revealed multiple abscesses. No other 
record of an association of infection with gastric 
sarcoma can be found. In the first case described 
in this paper superimposed infection played an 
important part in leading to operation as an emer- 
gency. ‘There was an intense peritoneal reaction to 
the presence of infection in a lymph-node; the 
finding of Gram-positive cocci in the node imme- 
diately adjacent to the growth suggested that the 
local lowering of resistance had allowed free passage 
of infection from the stomach. In the other two 
cases infective complications became evident before 
the fatal termination. In one, lowered general 
resistance combined with loss of acid following 
gastrectomy, rendered the patient more liable to 
intestinal infection with S. typhimurium; in the 
other, infection in the respiratory tract was added to 
the chest complication which caused death. 

It would appear that in no instance has the 
diagnosis of gastric lymphosarcoma been made by 
radiography. Although no exception to this is 
claimed, in two cases rapid emptying of the stomach 
was reported, and this is generally described as a 
feature of gastric sarcoma. In the patient with 
lymphatic leukemia, the radiologist reported a 
malignant change rather than one of leukemic 
infiltration. 

Despite the fact that two of the three patients 
have died, their deaths were not due to the gastric 
sarcoma, but to the advance of the general disorder 
of the reticulo-endothelial system. In gastric car- 
cinoma, if operation fails to clear metastatic spread, 
the inevitable recurrence is not long delayed. With 
gastric sarcoma, the overall prognosis seems rather 
better, since surgery can be reinforced by post- 
operative radiotherapy. 
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SUMMARY 


1. Three cases of gastric lymphosarcoma are 
described. 

2. Since general disorders of the ilo- 
endothelial system may become locally sarcor ~ Jus, 
gastric symptoms in a patient with a reticulosis 
should lead to a careful radiological examination, 
and laparotomy is indicated on minimal findings. 

3. Early severe epigastric pain is a symptom 
which should favour the diagnosis of gastric sarcoma. 

4. Gastric sarcoma is on occasions associated 
with the lowering of resistance to infection. 

5. Adequate gastrectomy followed by radio- 
therapy is the treatment of choice. 


I wish to express my sincere thanks to Dr. Gregor 
Grant and to Dr. Michael Symons for their work in 
connexion with the pathology and histology of the 
cases as well as for their help in the production of 
this paper. I am also indebted to Mr. R. T. Ross 
for his excellent photographs and photomicrographs. 
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ABDOMINAL ACTINOMYCOSIS 
CASE REPORT AND REVIEW OF ANTIBIOTIC TREATMENT 


By GEORGE ARMITAGE anp IRVINE SMITH, LEeEps 


ABDOMINAL actinomycosis is uncommon in this 
country and with the exception of Sir Zachary 
Cope’s classical book (1938) and his recent Bradshaw 
Lecture (1949) on visceral actinomycosis, there are 
few publications dealing with consecutive series of 
cases to show the improved prognosis produced by 
antibiotics. 


CASE REPORT 


. H. (201533), male, aged §9, referred by Dr. H. W. 
Bec ham, was admitted on June 22, 1951, to the General 
Ini rmary at Leeds under the care of one of us (G. A.). 
Fo three weeks he had complained of severe pain in the 
lef’ side of his abdomen and had lost much weight. In 
th: left side of the abdomen and infiltrating the abdominal 
we | was a large (5 


< § in.) firm, tender mass, diagnosed 


clinically as a pericolic abscess probably secondary to 
carcinoma. Exploration confirmed the presence of pus 
in chronic inflammatory tissue and biopsy of this showed 
actinomycosis. He was treated with 120 mega units of 
penicillin during the next sixty days. He gained 4 st. 
in four months and was back at work on Sept. 1, 1951, 
when no lump was palpable in his abdomen. 


This unexpected diagnosis and quick recovery 
stimulated a review of all cases of abdominal actino- 
mycosis admitted to this hospital since 1938, and 
also a study of the results of treating this condition 
with penicillin and other antibiotics. From a popu- 
lation of 500,000-750,000 only 9 bacteriologically 
proved cases have reached this hospital in fifteen 
years. These cases have all been followed up and 
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brief Jetails are shown in Table I, from which it can 
be se_n that :— 

1 Only 2 cases followed emergency operations 
for appendicitis, which have been performed at least 
gooo times in this hospital and probably 10,000- 
15,000 times in this area in the last fifteen years 
(Moloney, Russell, and Wilson, 1950). This does 
not support the opinion that appendix operations 
are the commonest starting-point for abdominal 
actinomycosis. Two cases presented as pelvic 
abscesses which may have been appendicular in 
origin, one being attributed by the patient to injury. 
Three cases presented with an abdominal mass 
unexpectedly found by biopsy to be actinomycosis. 
One followed perforation of a duodenal ulcer and 
has already been published by Raper (1950), and 
one presented with umbilical discharge. 

2. Of 3 cases not receiving adequate penicillin 
treatment, only 1 survived and she had a small 
local lesion. 

3. Of 6 cases receiving adequate penicillin, 4 were 
cured within 80 days, 1 was cured only after receiving 
580 mega units in 289 days, and 1 failed to respond 
until she also received 14 g. streptomycin. 

4. Three of the 4 women of child-bearing age 
who were cured now complain of sterility. 

Actinomycosis develops in the abdomen when a 
breach of the bowel wall caused by other disease 
such as appendicitis, perforated peptic ulcer, diver- 
ticulitis, or injury allows the escape of Actinomyces 
israelit into tissue spaces. The fungus may be found 
in teeth scrapings, feces, or even bronchoscopic 
suctions of healthy subjects (Kaye, 1947); but 
culture is necessary to differentiate the saprophytic 
aerobic nocardia strains from the pathogenic anaerobic 
actinomyces. The disease usually presents with per- 
sistent sinuses following operation, but may present 
as a chronic abscess or as an inflammatory mass 
readily mistaken for advanced carcinoma, as occurred 
in 3 of these 9 cases and in 8 of Putman’s 122 cases 
Putman, Dockerty, and Waugh, 1950). Large series 
of cases with full bibliographies have been published 
by Kolouch and Peltier (1946) and Putman and 
others (1950). 


TREATMENT 


1. Without Antibiotics.—Spontaneous cure is 
not unknown, especially of localized lesions ; 
‘several’ of Putman’s 122 cases got better without 
chemotherapy, and Case 3 of the present series 
recovered with no treatment other than surgery. 
Medical treatment, with extra nutrition, vitamins, 
and blood transfusions, etc., may be vital for very 
ill cases. Iodides are known to help. Pus should 
always be drained surgically, and deep X rays 
occasionally improve superficial lesions. But a 
combination of these methods only cured 16 per cent 
of 75 of Putman’s cases so treated. 

2. Penicillin.—Florey and his co-workers 
(Abraham, Florey, and others, 1941) first demon- 
streted Actinomyces israelii sensitive in vitro to peni- 
cilln. However, in 1942, Waksman and Woodruff 
found some strains to be resistant, and three strains 
tesced by Strauss, Kligman, and Pillsburg (1951) 
va ied considerably. Holm (1948) pointed out that 
cu ture of whole granules may suggest resistance not 
shown by ‘single germ’ cultures from the same 





ABDOMINAL ACTINOMYCOSIS 79 


strain. Garrod (1952) found all the twelve strains 
he tested to be sensitive im vitro to 0°25 units per ml. 
penicillin, which was the best of five antibiotics he 
used. 

Clinical improvement of abdominal actinomycosis 
treated with penicillin was first obtained in 1943 by 
Herrell, although the greater value of large doses 
(o°5 mega units per day) was not made known until 
1948 by Nichols and Herrell. At present 2 mega 
units per day for two months is a commonly accepted 
dose. If this fails, 10 mega units per day may still 
be effective (Sandford and Barnes, 1949), but it 
would probably be wiser to select a different anti- 
biotic. “Twenty-three of Putman’s 24 cases, and 5 
of the present series of 6 cases treated with adequate 
penicillin responded satisfactorily. 

3. Streptomycin.—/n vitro sensitivity to strepto- 
mycin varied considerably amongst three strains 
tested by Strauss and others (1951), but all twelve 
strains tested by Garrod (1952) were sensitive to a 
concentration of 64 ~g./ml. streptomycin, which was, 
however, the least effective of the five antibiotics 
he tested. 

Clinically, one of the cases treated by Torrens 
and Wood (1949) shows how useful streptomycin 
may be :— 


A man aged 27 with very advanced abdominal and 
thoracic actinomycosis and malnutrition and cachexia 
had not maintained improvement following treatment 
which included 200 gr. potassium iodide daily, six opera- 
tions, no less than 0-5 kg. sulphonamides and 102 mega 
units of penicillin; but streptomycin 2 g. daily for one 
month followed by 1 g. daily for two months (total 120 
g.) quickly produced dramatic improvement which was 
maintained up to the time of publication. 


These authors recorded two other cases showing 
similar results from the same dosage. Pemberton 
and Hunter (1949) recorded improvement with 1 g. 
streptomycin daily by mouth. 

4. Chloromycetin.—/n vitro all six strains of 
actinomyces bovis tested by Littman, Phillips, and 
Fusillo (1950), all twelve strains tested by Garrod 
(19§2), and all three strains tested by Strauss and 
others (1951) were sensitive to chloromycetin. 
Clinical cure was obtained by Littman, Paul, and 
Fusillo (1952) giving 213 g. in 54 days, but Kelly’s 
case (1951) did not maintain improvement on I°5 g. 
per day. 

5. Aureomycin.—Garrod found all his twelve 
strains sensitive im vitro to a concentration of 8 «g./ml. 
of aureomycin. 

Clinically good results have been obtained by 
McVay, Dunavent, Guthrie, and Sprunt (1950) 
giving 45 g. in 10 days, by Wright and Lowen (1950) 
giving 2 g. per day (total not mentioned), and by 
Kelly (1951) giving 2 g. per day for 6 days, followed 
by a maintenance dose which brought the total to 
108 g. in 70 days. In some of these cases peni- 
cillin and chloramphenicol had been ineffective. 

Inaccurate assessment of im vitro sensitivities or 
inaccurate correlation between im vitro and in vivo 
results may be caused by :— 

1. The technical difficulty of culturing any 
actinomyces in vitro. 

2. Variations in the amount of fungus inocu- 
lated for culture; large granules inoculated may 
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show much more resistance than smaller quantities 
of the same strain (Holm, 1948). 

3. Instability of the antibiotic during the long 
period needed to culture actinomyces (Garrod, 19§2). 

4. The presence of penicillin-resistant or peni- 
cillinase-producing anaerobic Gram-negative cocci 
or cocci-bacilli as ‘ associates’ in an actinomycotic 
abscess. 

5. The development of resistance during treat- 
ment. 

In general, however, im vitro tests are a reliable 
guide to selection of the best antibiotic. Garrod 
tested twelve strains against five antibiotics, and 
Table II, showing his results, is taken from his 
paper. From this it can be noted that: (1) All 


Table II. -MINIMUM CONCENTRATIONS (#G/ML.) OF FIVE 
ANTIBIOTICS INHIBITING GROWTH OF 12 STRAINS OF 
Actinomyces Israelit 


(Figures are numbers of strains inhibited by each concentration 
(Courtesy of the British Medical Fournal.) 


(Garrod). 





0°03 | 0°06 | O12 | O'25 | O'6 | 1} 2/4)8)] 16] 32) 64 


Penicillin* 2 3 6 I 
Streptomycin 
Aureomycin 


Chloram- 
phenicol 


4/6 


Terramycin 1 /4/s]1i1 


* Concentrations of this antibiotic are units/ml. (1 unit 06 “g.). 
his strains were sensitive in vitro to all five anti- 
biotics ; (2) His technique and his strains revealed 
no great variation amongst different strains; and 
(3) The order of merit of antibiotics was penicillin, 
terramycin, chloramphenicol, aureomycin, and strep- 
tomycin. However, the strains and technique used 
by Strauss (Strauss and others, 1951) placed the 
antibiotics in this order of merit: chloramphenicol, 
penicillin, streptomycin, and aureomycin. 


SUMMARY 


1. In fifteen years, from a population of 500,000- 
750,000, only 9 cases of abdominal actinomycosis 
have reached the General Infirmary at Leeds. 

2. These cases have been followed up and brief 
details are given. 

3. Three cases received no antibiotics or very 
small doses, and two of them died. 
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4. Five cases were cured by penicillin an 1 one 
case by penicillin plus streptomycin. 

5. Of the four cured women, three now cor iplain 
of sterility. 

6. Literature on the effects of some anti ioticg 
on actinomyces in vitro and on abdominal actino. 
mycosis has been reviewed. 

7. It is concluded that penicillin in large doses 
is commonly curative. When it fails, terramycin, 
chloramphenicol, aureomycin, and streptomycin may 
prove effective in that order of likelihood. , 


We are indebted to our surgical colleagues at the 
General Infirmary at Leeds for details of their cases, 
and to Miss E. Hanson and Mrs. K. Milnes fo; 
secretarial assistance. 
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THE RENAL CIRCULATION IN EXPERIMENTAL HYPERTENSION 


ANGIOGRAPHIC AND MORPHOLOGICAL STUDIES IN THE RABBIT 
By P. M. DANIEL, MARJORIE M. L. PRICHARD, ann J. N. WARD-McQUAID* 


FROM THE NUFFIELD DEPARTMENT OF SURGERY, AND THE NUFFIELD INSTITUTE FOR MEDICAL RESEARCH, UNIVERSITY OF OXFORD, 
AND THE DEPARTMENT OF PATHOLOGY, RADCLIFFE INFIRMARY, OXFORD 


THE object of this investigation was to study the 
renal circulation in experimental hypertension, and 
to see Whether at any stage in the development of 
this condition the blood-flow through the peripheral 
part of the renal cortex was diminished while the 
circulation through the juxtamedullary glomeruli and 
medulla was well maintained or even increased. 

A hypothesis was put forward by Trueta, Barclay, 
Daniel, Franklin, and Prichard (1947) that such a 
change in the intrarenal circulation might, on the 
one hand, play a part in the initial production of 
hypertension of renal origin, and, on the other, be 
permanently present in the established condition. 
It was argued that this circulatory disturbance, 
which had been seen to occur under various con- 
ditions in rabbits by Trueta and others (1947), and 
later in other species by Daniel, Peabody, and 
Prichard (1952), might be a factor initiating hyper- 
tension, since it would cause anoxia of the renal 
cortex and so provide the conditions necessary for 
the liberation of a pressor substance. The possi- 
bility that a similar pattern of the intrarenal circula- 
tion might become permanent in established hyper- 
tension was suggested by the fact that in the kidneys 
of some human patients with a raised blood-pressure 
of long standing there were morphological indica- 
tions of a diminished blood-flow through the cortex 
with an increased circulation through the medulla. 

In this paper we report the findings of angio- 
graphic and morphological studies of the renal 
circulation in rabbits made hypertensive by the clip 
method (Pickering and Prinzmetal, 1938), together 
with other data obtained in the course of the investi- 
gation. 


METHODS 


Adult rabbits of both sexes and of mixed stock 
were used; they were fed on Diet 18 (Associated 
London Flour Millers Ltd.) and had unlimited 
water. 

Arterial pressures were measured in the central 
artery at the base of the ear in the unanesthetized 
animal by the method of Grant and Rothschild 
(1934). This proved satisfactory with practice pro- 
vided the rabbits were warm and quiet. To ensure 
these conditions, each animal was placed in a wooden 
boy with its head and ears projecting through a gap 
at one end and put in a warmed room for twenty 
minutes before the blood-pressure was recorded. 
A more robust form of capsule was used than that 





* Leverhulme Research Scholar, Royal College of 
Strgeons of England. 


employed by Grant and Rothschild. It was made 
from a solid block of perspex, through which an 
airway was drilled, and on which a rubber diaphragm 
was fixed by rubber solution and a thread tie; a 
further flat plate of perspex was screwed to the top 
of this block (Fig. 81). 

Hypertension was produced by the method of 
Pickering and Prinzmetal (1938) by constricting the 
left renal artery, with a silver clip of known size, 
































cms. 
Fic. 81.—Capsule used in taking the ear blood-pressure. 


fourteen days or so after the right kidney had been 
removed. In many animals the left kidney was 
exteriorized between the skin and the loosely approxi- 
mated muscle of the loin at the time when the clip 
was applied. In control animals the same procedure 
was carried out but without the application of a clip. 
In another group, the clip was applied to the right 
renal artery, the left kidney having been exteriorized 
previously, or remaining untouched. Intravenous 
pentobarbitone and open ether were used as anzs- 
thetics. All these operations were performed with 
aseptic precautions. 

For angiography the rabbits were anesthetized 
with open ether. This anesthetic may cause a 
transient rise of arterial blood-pressure, but was 
chosen for these experiments because consciousness 
is soon regained and pulmonary complications are 
infrequent. Under aseptic conditions, either a poly- 
thene catheter was passed into the aorta from a femoral 
artery, Or a cannula was inserted into the left common 
carotid artery directed towards the heart. When a 
femoral artery was catheterized for the first time the 


6 
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profunda femoris was, if possible, preserved so that the 
femoral artery could be used again on a later occasion. 
Sometimes I per cent procaine hydrochloride was 
applied locally to dilate the artery before the catheter 
was inserted. A sample of blood was taken for 
estimation of blood-urea. The animal was placed 
on its back with the kidney (exteriorized or in the 
abdomen, as the case might be) lying over the film 
aperture (78 x 62 mm.) of the serial radiographic 
apparatus. The ear blood-pressure was then meas- 
ured, and if the level corresponded with the previous 
unanesthetized resting level the angiogram was made 
at once. If the blood-pressure was raised it would 
frequently settle to its previous resting level, but if 
it failed to do so within a reasonable time the angio- 
gram was made nevertheless, the level of the blood- 
pressure being noted. 

The contrast medium used for angiography was 
thorotrast (a colloidal preparation containing 25 per 
cent thorium dioxide), which is not excreted by the 
kidney. The best route for the injection was 
undoubtedly via the femoral catheter, and when this 
route was used 3:0 ml. of thorotrast injected quickly 
gave a good contrast. Tests in normal rabbits 
showed that such an injection caused a transient 
rise of 6-14 mm. Hg in the left renal artery. When 
the carotid route was employed, 7:0-8-o ml. of thoro- 
trast was found to be necessary to produce a satis- 
factory picture. The passage of the contrast medium 
through the kidney was recorded on eighteen serial 
X-ray films, exposed at rates of 2 per sec. for the 
first 12 films, and 1 per sec. for the last 6. The 
duration of each exposure was 0:05 sec. The film- 
shifting device, designed and built by Dr. E. H. J. 
Schuster, was the same as that used in previous 
angiographic studies (Daniel and Prichard, 1951 ; 
Daniel, Peabody, and Prichard, 1951, 19§2). 

A further reading of the blood-pressure in the 
ear was taken immediately after angiography. In 
many instances, either before or after angiography 
or both, the femoral catheter or the carotid cannula 
was connected to a mercury manometer and the 
blood-pressure in the aorta or carotid artery was 
measured simultaneously with the pressure in the 
ear. Finally, the catheter or cannula was withdrawn, 
the artery ligated, and the wound closed. In a few 
control animals the renal pedicle was exposed, and 
the pressure in the renal artery was determined by a 
needle connected to a mercury manometer and com- 
pared with that in the aorta. A similar procedure 
was carried out in hypertensive animals, the pressure 
in the renal artery being taken distal to the clip. 
Penicillin, 50,000 units, was given daily for the first 
four post-operative days. 

A post-mortem examination was carried out on 
all animals, and parts of various organs were fixed 
in 10 per cent formol saline. Sections were cut from 
blocks embedded in paraffin and stained with hama- 
toxylin and eosin, iron hematoxylin and van Gieson’s 
mixture, and phosphotungstic acid hzematoxylin. 
Some kidneys were injected post mortem either with 
Berlin blue (2 per cent in distilled water) or with 
neoprene latex. Blocks from the former were em- 
bedded in low viscosity nitrocellulose and sectioned 
at thicknesses ranging from 10 up to 200 uw. Thick 


slices of the kidneys injected with neoprene were 
macerated in concentrated hydrochloric acid to 


JOURNAL OF 


SURGERY 


provide casts of the vessels which could be exa) iined 
under the dissecting microscope. 


RESULTS 
Normal Blood-pressure in the Rabiit.— 
The normal blood-pressures of 342 norma’ un. 
anesthetized rabbits of mixed stock used in this and 
other allied studies were measured by the ear capsule 
80 ? 
70 
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w 
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Number of rabbits 


20 








60 70 80 90 100 
Blood-pressure (mm. Hg) 


Fic. 82.—The incidence of various normal blood-pressure 
levels in 342 unanesthetized rabbits, as determined by the 
ear method. 


method. In each animal the blood-pressure was 
measured several times on different days, and the 
mean value of the readings was taken as the normal 
resting level. The incidence of the various normal 
levels in this large series of rabbits is shown in 
Fig. 82. It will be seen that in most animals the 
blood-pressure was between 65 and 90 mm. Hg. 
The higher pressures were sometimes, but not 
always, found in the heavier rabbits. Rabbits of a 
given breed tended to show similar pressures. 

Correlation of Blood-pressures in the Ear 
Artery, the Carotid Artery, and the Aorta.— 
There is a very close relation between the blood- 
pressures in the central artery of the ear and the 
carotid artery (Fig. 83), the coefficient of correla- 
tion between the two, on 76 readings in different 
rabbits, being 0-955. The association between the 
blood-pressure in the ear artery and the aortic blood- 
pressure is very nearly as close (Fig. 84), the 
correlation coefficient for 53 rabbits being 0°925. 
However, the blood-pressure in the ear artery is uni- 
formly lower than that in the aorta or in the carotid 
artery, the average difference being 16-1 mm. Hg for 
the aorta, and 19:5 mm. Hg for the carotid artery. 
The difference between the ear artery and the aorta 
is practically uniform over the range of blood- 
pressure studied, while the difference between the 
ear and the carotid artery increased slightly with 
increasing blood-pressure. Similar findings in regard 
to the relationship of the pressures in the central 
artery of the ear and the carotid artery were obtained 
in another group of experiments in which the effect 
of renin was studied (Daniel, Prichard, and War<- 
McQuaid, 1954, a). 
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R:lation of Blood-pressures in the Aorta 
and the Renal Artery.—The pressure in the 
proximal segment of the renal artery in 4 animals, 
r with and 3 without a clip, varied from o to 7 mm. Hg 
average 3°5 mm. Hg) below that in the aorta at the 
level of the renal artery. 

The pressure distal to the clip was measured in 
; rabbits in which exposure of the renal pedicle 
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FiG. 83.—Relationship of blood-pressures in the central 
artery of the ear and in the contralateral carotid artery. Simul- 
taneous readings taken in 76 rabbits with resting blood-pressures 
of various levels. 


caused no fall in the systemic blood-pressure. The 
clip had been applied 20-26 weeks previously, and 
had caused the ear blood-pressure to rise above its 
original resting level by over 20 mm. Hg in 3 of these 
animals and by over 30 mm. Hg in the other 2. 
The pressure in the renal artery distal to the clip 
varied from 3 to 20 mm. Hg (average 10:2 mm. Hg) 
below that obtaining in the aorta. 

In 2 other rabbits exposure of the renal pedicle 
was followed by a fall in the systemic blood-pressure, 
and in these the pressure distal to the clip approxi- 
mated to that in the aorta. These animals, before 
exposure of the renal pedicle, had increases of more 
than 20 and 30 mm. Hg respectively above their 
original resting levels, 26 weeks after the clip had 
been applied. 

Slood-urea.—The blood-urea levels of 113 
rabbits at the time of applying the clip, that is, 
some 14 days after right nephrectomy, were esti- 
mated. Over 90 per cent of the values were below 
80 mg. per 100 ml. Those animals in which at this 
time the values were higher than 80 mg. per 100 ml., 
an which survived, all showed a subsequent fall 
in he blood-urea level to well below this figure. 
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Results of Applying the Clip.—Over 90 per 
cent of the rabbits weighed between 1-4 kg. and 
2°3 kg. at the time when the clip was applied. Some 


animals subsequently put on weight. The internal 
diameters of the clips used varied somewhat; each 
was selected in relation to the size of the animal, its 
kidney, and renal artery. Usually a larger-sized 
clip was used when the kidney was exteriorized. In 
detail, the sizes (internal diameters) of the clips used 
were: 0°50 mm. in 103 rabbits (56 per cent); 
0°55 mm. in §9 rabbits; 0-60 mm. in 21 rabbits ; 
0-45 mm. in 1 rabbit. 
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Fic. 84.—Relationship of blood-pressures in the central 
artery of the ear and in the aorta at the level of the renal 
artery. Simultaneous readings taken in 53 rabbits with resting 
blood-pressures of various levels. 


One hundred and eighty-four rabbits which had 
had a right nephrectomy 14 days previously survived 
the immediate effects of applying the clip to the 
left renal artery, but 60 of these animals were dead 
by the end of the first week. In 111 animals the 
kidneys had been exteriorized, and 43 (38-7 per cent) 
of these rabbits died. "There were 17 (22-1 per cent) 
deaths during the first week among the 73 animals 
in which the kidney was replaced in the abdomen. 
Approximately two-thirds of the animals that died 
in this first week had gross infarcts of the kidney 
whether the kidney was exteriorized or not, and in 
rather less than half there had been a rise of blood- 
pressure of at least 10 mm. Hg. 

In Fig. 85 is shown the time of survival and the 
last recorded blood-pressure of the 124 rabbits which 
survived more than a week. The animals fall into 
three groups: (1) 55 apparently healthy rabbits, 
most of which had a raised blood-pressure and were 
classified as suffering from ‘ benign’ hypertension. 
The majority of these animals were killed, but some 
had their clips or their sole remaining kidneys 
removed for further investigations (Daniel, Prichard, 
and Ward-McQuaid, 1954, b, c); (2) 34 rabbits 
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Fic. 85.—Chart showing time of survival and last recorded blood-pressure (level above normal) of 124 rabbits which lived 
for more than a week after application of the clip (to avoid congestion the symbols have not all been accurately placed as 


to exact days). o = Died; + 


= Killed, or clip removed, or total nephrectomy. 
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Fic. 86.—Chart showing times at which angiograms were made and the level of blood-pressure above normal obtaining in 


each case. @ = 100 rabbits with clip ; 


30 rabbits without clip and with normal blood-pressures. 











whic! 
arter 
ditio! 
‘ mal 
died, 





oth 


fro 
bec 


ei 
th 
af 








ENAL CIRCULATION 





whic: died with hemorrhages, uremia or fibrinoid 
arterial necrosis, or a combination of these con- 
ditions, and which we designated as suffering from 
‘malignant’ hypertension; (3) 35 rabbits which 
died, some as a result of experimental accidents, 
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observations, 43 angiograms were made of 30 rabbits 
which had their sole remaining kidneys exteriorized 
but had not had clips applied. Nine angiograms were 
also made of the left kidney of 8 rabbits after a clip 
had been applied to the right renal artery. 


In 5 of 





Fic. 87.— Run of serial angiograms showing circulation through exteriorized kidney of a control rabbit (right nephrectomy 
and left kidney exteriorized 69 days previously). The interval between successive angiograms was 0°§ sec. (interval between 
12 and 13 was 1 sec.). The renal vein is first seen in angiogram 5. Note the good perfusion of the cortex seen in the late 
arterial and early venous stages of the circulation, and the prominent shadow in the medulla seen in the venous stage. 









others from intercurrent infection, and others again 
from causes unknown, which may or may not have 
been related to hypertension. 

In another small group of experiments (13 rabbits) 
no nephrectomy was performed and a clip of 0-45- 
o’Ss§ mm. was placed on the right renal artery. 
There was a rise of 10 to 20 mm. Hg in the blood- 
pressure of some of these animals, but in only one 
rabbit was the rise maintained for as long as 90 days. 


RENAL ANGIOGRAMS 


_ General Observations.—One hundred and 
ei hty-four sets of serial angiograms were made of 
th renal circulation of 100 rabbits at various intervals 
ai er application of a clip (Fig. 86). In 51 of these 





| 4 imals the kidney had been exteriorized, while in the 
r nainder it had been left in the abdomen. For control 





these animals the blood-pressure had shown a slight 
rise, and in the other 2 there had been no rise. 
From a study of the whole series of angiograms 
of animals with or without a clip certain points 
emerge. The circulation through the kidney of the 
rabbit is extremely labile. The calibre of the renal 
arteries, the degree of cortical and medullary per- 
fusion, and the time taken for the contrast medium 
to pass through the kidney often showed variations 
not only in different rabbits but also in the same 
rabbit at different times. With this wide range of 
‘normal’ fluctuations, changes which can be re- 
garded as significant must be of a relatively gross 
order. Certain factors appear to be fairly con- 
stantly associated with changes in the angiographic 
picture. First, a temporary rise of blood-pressure, 
related to the recent administration of ether, to the 
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development of anoxia, to the presence of mucus in 
the trachea, or to general vasoconstriction (shown 
by spasm of the ear vessels). Out of 36 angiograms 
made at the time of a temporary rise of blood- 
pressure (of more than 10 mm. Hg), 10 showed a 
constriction of the renal arteries, 17 showed patchy 
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Fic. 88.—Rabbit (with kidney in abdomen) five days after application of a clip to the renal artery. 
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(hypertensive and control series) included §2 angio. 
grams of 40 animals showing some degree of ortica} 
ischemia. In more than half of these no cause fo 
the ischemia was noted. 

A hypertrophy of the remaining kidney of variable 
degree was seen in all animals which had had , 





Cc 


Angiograms taken 


from a serial record showing severe constriction of the intrarenal arteries, cortical ischemia, and general impairment of the 


renal circulation (cf. Fig. 89). 


At this stage hypertension had not yet developed. 





A 


Fic. 89.—Same rabbit as in Fig. 88. 
Fig. 88 and note the improvement in the renal circulation ; 


contrast with the corresponding angiogram of the earlier record (Fig. 88 C). 


risen to 35 mm. Hg above its original resting level. 


or focal cortical ischemia, and 9 showed an appar- 
ently normal picture. Secondly, all 11 animals which 
had a blood-urea of 100 mg. per 100 ml. or more 
showed a prolonged renal circulation time with 
generalized renal vasoconstriction. Thirdly, a some- 
what impaired renal circulation was also usually seen 
when angiograms were made within 24 hours of any 
operation involving manipulation of the kidney. 
This was more pronounced when a clip had been 
applied to the renal artery. 

The occurrence of a variable degree of cortical 
ischemia was frequently noted. The total series of 
236 sets of serial angiograms made on 138 animals 


B 


Corresponding angiograms made 68 days after application of clip. 


Cc 


4 Compare with 
in (C) the veins are well seen, and the picture is in marked 
The animal’s blood-pressure had by this time 


unilateral nephrectomy some weeks 
whether or not a clip had been applied. 

Angiograms of the Kidney of Control 
Rabbits.—A serial record of a control rabbit (with 
kidney exteriorized) showing a normal angiographic 
picture of the renal circulation is illustrated in 
Fig. 87. It will be seen that the arterial phase is 
relatively short and that at the end of this stage a 
diffuse shadow extends to the periphery of the 
kidney, indicating that the cortex is well perfused. 
The venous phase of the circulation is noticeally 
longer than the arterial phase, and during it te 
shadow in the cortex fades while a prominent 
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meduliary shadow remains. The circulation time can 
be assessed from the interval between the first appear- 
ance of the contrast medium in the renal artery and 
its first appearance in the renal vein. In nearly all 
animals this was between 1-5 and 3 seconds. The 
angiographic picture is essentially the same as that 
seen in the dog and in the cat (Daniel and others, 
1951). 

_ of the kidney within the abdomen 
showed a similar picture, though the definition was 
less good. 

Angiograms of the ‘ Clipped’ Kidney.— 

1. In the First Few Days.—During the first week 
after application of the clip the intrarenal arteries 
were constricted (Fig. 88), the degree of perfusion 
of all parts of the kidney was reduced, and the 
circulation time was increased, often to five or more 
seconds. There was undoubtedly an ischemia of 
the cortex at this stage, but it is not possible to say 
from a study of the angiograms whether the cortex 
was more ischemic than the medulla. The degree 
of impairment of the renal circulation varied in 
different animals and was not always associated with 
araised blood-urea, nor with the immediate or subse- 
quent development of hypertension. 

2. In Animals with No Rise of Blood-pressure.— 
The picture of the renal circulation in these animals 
did not differ in any respect from that seen in the 
control rabbits. 

3. In Hypertensive Animals with Renal Failure.— 
Angiograms were made of 11 animals which had 
developed hypertension with renal failure after appli- 
cation of the clip. The blood-urea in all these 
rabbits was more than 100 mg. per 100 ml., and in one 


was as much as 330 mg. per 100 ml. at the time when 


the angiogram was made. In these animals with 
‘malignant’ hypertension the renal circulation was 
very severely impaired. The intrarenal arteries 
were markedly constricted (Fig. 90), the perfusion 
of the kidney was poor, and the circulation time 
prolonged. The reduction in the renal circulation 
was sO great that it was impossible to determine 
from the angiograms whether the cortex was more 
ischemic than the medulla. 

4. In Hypertensive Animals without Renal Failure. 

—In the large series of angiograms of rabbits with 
hypertension of varying degree and a duration of up 
to six months, very little abnormality could be seen 
in the intrarenal circulation (Figs. 89-91). In 
many animals the main renal artery showed a 
dilatation distal to the clip (Fig. 91), and in some 
cases the vessel was constricted on the proximal side. 
Sixteen rabbits had blood-pressures which were more 
than 45 mm. Hg above their normal levels. In 3 of 
these latter animals the intrarenal arteries had a 
slightly irregular appearance in their last angiogram 
| which was not seen at an earlier stage. 
Che angiograms of the animals with chronic 
benign > hypertension, when compared with those 
of the rabbits with no rise of blood-pressure and 
thove of the control group, provided no evidence 
tha there was a substantial decrease in the circula- 
tior through the cortex, with an increase in the 
ble d-flow through the medulla. 

Angiograms of the Contralateral Kidney.— 
Ne abnormality could be detected in angiograms of 
the left kidneys of rabbits made hypertensive by 
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application of the clip to the right renal artery. In 
these animals the right (‘ clipped’) kidney usually 
showed a marked decrease in size. The rise of 
blood-pressure in this small series was, however, 
neither great nor prolonged. 


POST-MORTEM OBSERVATIONS 


Macroscopical and Histological Findings.— 
In all animals, normal or hypertensive, which had 
had one kidney removed some weeks previously, the 
remaining kidney was found to be hypertrophied. 
Microscopically the glomeruli were seen to be con- 
siderably larger than those of rabbits with two 
kidneys. When the kidney had been exteriorized 
it tended to be adherent to the skin, but although in 
these cases the capsule of the kidney might be some- 
what thickened, the underlying renal parenchyma 
showed a normal histological appearance. 

The rabbits with chronic ‘ benign’ hypertension 
showed no macroscopical abnormalities apart from 
a thickening of the left ventricular wall of the heart 
in some cases. In those animals, however, in which 
‘ malignant ’ hypertension (with or without evidence 
of renal failure) had developed, multiple hzmor- 
rhages were frequently seen. These were most 
commonly found in the wall of the intestines and in 
the diaphragm, but other sites included the mesentery, 
suprarenals, subarachnoid space, brain, muscles of 
abdominal wall, and thymus. Some lesions were 
massive, others pin-point in size. 

Representative sections of the organs of 49 rabbits 
with hypertension were examined histologically. The 
range in the rise of blood-pressure was from I0 to 
75 mm. Hg above the animals’ pre-operative resting 
levels, and the period for which the clip had been 
applied varied from 7 to 201 days (Table I). To 
serve as controls, 10 other animals were used. Four 
of these had had a clip applied for periods varying 
from 56 to 325 days, but had not developed hyper- 
tension (Table I); the other 6 were animals which 
had had the right kidney removed and the left kidney 
exteriorized for periods ranging from 97 to 188 days 
and had shown no rise of blood-pressure. The organs 
examined included kidney, small intestine, liver, 
spleen, pancreas, heart, suprarenal, and occasionally 
other organs. In the control animals no abnormality 
was found in any of the smaller arteries of these 
organs. 

In the hypertensive rabbits no arterial lesions 
were found in the kidney in any instance. Hyper- 
trophy of the left ventricular wall with some degree 
of fibrosis of the myocardium was sometimes, but 
by no means invariably, seen in rabbits with the 
severer degrees of hypertension. 

In 16 animals fibrinoid necrosis (‘ necrotising 
arteritis ’, Byrom and Dodson, 1948) of the walls of 
some of the smaller arteries was present in one or 
more of the following organs: small intestine, liver, 
pancreas, spleen, Fallopian tube, and heart. Even 
when present, however, this degenerative change was 
not seen in all the small arteries of an organ. The 
damaged vessels had a characteristic appearance, the 
medial layer of the wall consisting of a swollen, 
acellular mass of homogeneous appearance. This 
hyaline material had a pink colour in hematoxylin 
and eosin preparations (Fig. 92). Parts of it stained 
a deep blue with phosphotungstic acid hematoxylin 
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83 

B.P.R 
si 


B 
Fic. 90—Angiograms taken from a serial record of a rabbit with ‘malignant’ hypertension (No. 22, Table 1; kidney 
in abdomen). The clip had been on for 52 days and the blood-pressure 


as 60 mm. Hg above normal. There is an intens« 
constriction of the intrarenal arteries and a very severe impairment of the circulation through the kidney. 


B, Shows the best 
filling of the renal vessels seen throughout the serial record. 


Fic. 91.—Rabbit with chronic ‘benign’ hypertension (exteriorized kidney). Run of serial angiograms, as in Fig. 87, made 
120 days after application of the clip, when the blood-pressure was 50 mm. Hg above its pre-operative resting level. 


The 
renal artery distal to the clip is dilated and its main branches are slightly irregular, but the circulation through the kidney 
shows little abnormality (cf. control rabbit, Fig. 87). 


1 i The heavy shadow above is the spleen, which has taken up thorotrast used 
for earlier angiograms. 
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and may therefore be described as ‘ fibrinoid’ (Fig. 


93). ‘the extent of an individual lesion was very 
variable ; im some places only a segment of the 
vessel) wall was affected, whereas in others the 
degenerative process had involved the whole circum- 
ference. In very small vessels the hyalinization 
tended to be confined to a layer immediately beneath 
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showed macroscopical hemorrhages at post-mortem, 
no fibrinoid necrosis was seen. 

Apart from the rabbits in which fibrinoid necrosis 
was present, the group as a whole showed remarkably 
little histological evidence of hypertension. The 
only change seen was a slight thickening of the media 
of some of the smaller arteries, chiefly in the intestine, 


Table 1. —INCIDENCE OF MACROSCOPIC HA:MORRHAGES AND HISTOLOGICAL ABNORMALITIES IN THE WALLS OF ARTERIES 
OF ORGANS OTHER THAN THE KIDNEY IN 49 RABBITS WITH HYPERTENSION OF VARYING DEGREE AND DURATION 
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| 
Days = Days 
RABBIT | MACROSCOPICAL | HISTOLOGICAL RABBIT MACROSCOPICAL | HISTOLOGICAL 
No. — HAMORRHAGES | ABNORMALITY REMARKS No. i HA:MORRHAGES | ABNORMALITY REMARKS 
B.P. Rise 75 mm. Hg:— B.P. Rise 35 mm. Hg:— 
83 | 19 | ; ; 2 B.U. 220. Fits 39 22 — _ 
41 21 — _ 
B.P. Rise 70 mm. Hg: — 42 99 _ _ 
SI 95 F.N. B.U. 308. Rapid 69 45 _ : 
terminal rise B.P. 77 123 —_ : 7 
s6 | 97 F.N. —_ terminal rise 90 41 _ , 
65 153 = F.N. Soe terminal rise 
B.P. Rise 30 mm. Hg:— 
B.P. Rise 65 mm. Hg: — 43 186 — — 
50 161 ; 3 $4 27 — —_ 
61 100 _ y $7 201 — T. 
58 65 — — 
B.P. Rise 60 mm. Hg:— 80 175 — — 
22 §2 ' F.N. Rapid terminal rise 95 28 _ — 
B.P. 102 20 F.N. 
70 25 — 
76 92 F.N. — terminal rise 
117 94 F.N. Rapid terminal rise B.P. Rise 25 mm. Hg:— 
B.P. 15 34 — _ 
24 II a (B.P. not taken 
B.P. Rise $5 mm. Hg:— 33 II F.N. < within 6 days of 
25 25 | : F.N. B.U. 391 45 67 _ _ | death 
62 97 os iE. 
B.P. Rise $0 mm. Hg: — 
64 56 -- — B.P. Rise 20 mm. Hg:—- 
84 14 ' F.N. 21 7 _ 
86 23 . 4 30 14 F.N. B.U. 330 
106 99 F.N. Rapid terminal rise 85 149 — _ 
B.P. 
B.P. Rise 45 mm. Hg: — B.P. Rise 15 mm. He:— 
20 47 F.N. —— terminal rise 67 12 _ 
28 16 F.N. Fits 
60 145 — — 
75 148 F.N. Rapid terminal rise 
B.P. B.P. Rise 10 mm. Hg: — 
19 40 — 
B.P. Rise 40 mm. Hg:— | 
11 20 7. ! 
16 196 —_ Fits 
26 1s = > B.P. Rise 0 mm. Hg:— 
29 42 —_ F.N. B.U. 161 14 9! _ —_— 
4c 139 _ _ B.U. 282 27 56 —_ _— 
44 76 = = 47 95 _ — 
68 | 135 - - gr | 325 - — 




















F.N., Fibrinoid necrosis, and T., Slight thickening of wall, of occasional artery in one or more organs ; B.U., Blood-urea in mg. per 100 ml. 


the endothelium. In nearly all instances the lumen 
of the affected vessel was noticeably reduced. The 
damaged arterial wall often showed infiltration by 
red cells and occasional leucocytes (Fig. 94). Red 
cel'!s were also frequently seen outside the vessel 
wai, although the site through which they had 
esciped was not always apparent. It was note- 
wethy that the animals which showed fibrinoid 
he rosis were either rabbits which had developed 
hy »ertension rapidly at an early stage, or animals in 
w ich a rapid increase in the degree of hypertension 
: | occurred after a relatively slow or small initial 
ri 2 of blood-pressure (Table J). On the other hand, 
i a few animals which had been uremic at death, or 


spleen, or liver, which was found in some animals. 
Even when present, however, this thickening was 
seen in only a small percentage of the arteries 
examined. In rabbits with a ‘ benign’ hypertension 
of up to 30 mm. Hg and of long duration, changes 
in the arteries were rarely found, and even when the 
degree of hypertension was greater than this changes 
were by no means always seen. 

In 12 hypertensive rabbits in which a clip had 
been present for from 14 to 175 days the renal artery 
was sectioned where it had lain within the clip. 
The most striking histological feature was a great 
loss of the internal elastic lamina (Fig. 95). Dis- 
integration of this lamina was seen as early as 14 
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days after application of the clip. Occasionally, 
focal areas of thickening of the intima were seen 
where the elastic layer had disappeared. The media 


- 
“Tw 


FIG. 92.— Rabbit with ‘ malignant’ hypertension (No. 20, 
Table I). WHyaline change in the wall of a small artery of the 
small intestine. Note the reduction in the lumen of the 
vessel. (H. and E.) 
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Fic. 94.—Lesion of artery in mesosalpinx of rabbit with 
* malignant’ hypertension (No. 22, Table I). The hyaline 
— in the wall has been infiltrated by red cells. (H. 
and E.) 


was usually irregularly narrowed and there was fre- 
quently some loss and fragmentation of the external 
elastic lamina. The nerve-trunks adjacent to the 
artery appeared healthy. In 2 cases in which angio- 
grams had shown a dilatation of the renal artery distal 
to the clip, this segment of the vessel was also sec- 
tioned and showed only minimal loss of elastic tissue. 
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Injected Specimens.— The main obj ct jy 
injecting the kidneys of many of our rabbi's poy 
mortem was to determine whether or not ertaip 





FiG. 93.—Another artery in the small intestine of rabbit 
No. 20 stained to show that part of the necrotic change in the 
wall is of a fibrinoid nature. (P.T.A.H.) 


morphological changes had taken place in the renal 
vascular bed. Earlier studies in which the neoprene 
injection method had been used (Trueta and others, 
1947) had shown that in many human cases of long- 
standing hypertension large numbers of the juxta- 
medullary glomeruli had degenerated. Only a few 
remnants of the capillaries of these glomeruli were left, 
and the afferent and efferent glomerular vessels were 
connected by one greatly dilated glomerular capillary 
thus forming a continuous channel of large calibre. 
It seemed significant that in the kidneys which 
showed these morphological changes the vasa recta 
of the medulla were unusually well filled. 

A detailed study was therefore made of neoprene 
casts of the renal vessels of some of the rabbits with 
long-standing clip hypertension, in order to see 
whether degenerative changes had occurred in the 
juxtamedullary glomeruli. A similar examination of 
these glomeruli was made in a group of rabbits 
which had maintained their normal blood-pressure 
for many months, with or without the application 
of a clip. 

In all, 14 satisfactory preparations were obtained. 
We found no significant difference between the 
kidneys of hypertensive and those of normotensive 
rabbits. In both groups the vast majority of the 
juxtamedullary glomeruli were of normal form, 
though an occasional one showed, to a greater or 
lesser degree, the degenerative change referred ‘0 
above (for examples of this change, see Daniel aid 
others, 1954, b, Figs. 9, 10). The picture of tie 
juxtamedullary channels in the hypertensive rabbi's 
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was in no way comparable with that seen in the 
human kidneys described and illustrated by Trueta 
and others (1947). 

Similarly, a study of sections of the kidneys which 
had been injected with Berlin blue revealed no sig- 
nificant or consistent difference in the degree of 
filling of the cortex and medulla respectively, when 





Fic. 95.—Segment of renal artery which had been con- 
stricted by a clip for 23 days. The blood-pressure had risen 
s0 mm. Hg above its pre-operative level. The vessel is 
flattened and there is much less of the internal elastic lamina. 
(Weigert’s elastic stain.) 


rabbits with chronic ‘ benign’ hypertension were 
compared with a group of control rabbits. How- 
ever, animals in which the ‘ malignant’ form of 
hypertension had developed showed a different 
Picture altogether. There was a noticeably poor 
filling of all the vessels, but particularly of those in 
the cortex. The capillary loops in the glomeruli 
were only partially filled, and the injection mass had 
celdom reached the efferent glomerular vessels. The 
afferent glomerular vessels, when filled, appeared to 
be considerably dilated (Fig. 96). These features 
were more obvious in glomeruli lying in the more 
peripheral parts of the cortex than in those in the 
juxtemedullary zone. Even so, however, the efferent 
vess ls of the juxtamedullary glomeruli and the vasa 
rect’ of the medulla were poorly filled by comparison 
wit! the control rabbits and those with chronic 
‘be ign’ hypertension. 

hus the injected kidneys, whether of control 
rab its, rabbits with chronic ‘ benign’ hypertension, 
Or nose with ‘ malignant’ hypertension, presented 
ap} :arances which were entirely consistent with the 
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picture of the intrarenal circulation which had been 
recorded in the same animals during life by angio- 


graphy. 


DISCUSSION 


The technique of measuring the blood-pressure 
by the modified form of the Grant and Rothschild 





hyper- 


* malignant ’ 
The clip had been on for 
9s days, the blood-pressure had risen 70 mm. Hg above its 
pre-operative level, and the blood-urea was 309 mg. per 100 ml. 
The glomerular tufts are poorly filled and the afferent arterioles 


Fic. 96.—Kidney of rabbit with 
tension, injected with Berlin blue. 


are much dilated. (H. and E.) 

(1934) ear capsule proved satisfactory, and seems 
the simplest and most accurate method available for 
the unaneesthetized rabbit. The close correlation 
between the blood-pressures recorded in the ear 
artery, the carotid artery, the aorta, and the renal 
artery indicated the validity of the procedure. Grant 
and Rothschild (1934) and Wilson and Pickering 
(1938) noted a range of ear blood-pressure similar 
to that found in most of our large series, while 
Fleming’s (1953) values were in the upper part 
of the range. Some of our rabbits had a normal 
resting pressure of over 100 mm. Hg, as did one of 
Fleming’s. 

Direct puncture of the dilated ear artery is diffi- 
cult and unnecessarily disturbing to the conscious 
animal and its blood-pressure. Flasher, Drury, and 
Sobin (1949) and Flasher and Drury (1950) used 
this puncture method, and found the same average 
range of blood-pressure as we observed in our rabbits, 
but they considered that any animal whose pressure 
was over 100 mm. Hg was hypertensive. The 
method of measuring the aortic blood-pressure by 
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inflating a sphygmomanometer type of cuff around 
the rabbit’s abdomen and listening with a stetho- 
scope (McGregor, 1928) has been widely used, but 
this method disturbs the animal, and was not suitable 
in our work. The levels of blood-pressure obtained 
by McGregor’s method are considerably higher than 
the ear readings, and higher even than the true 
aortic values, although Flasher and others (1949) 
consider that they bear a constant ratio to the true 
values. 

The mortality encountered in using the clip 
method to produce hypertension in the rabbit is 
perhaps not generally realized by those who have not 
attempted it. A third of our animals did not survive 
a week. Of the remainder, some rabbits did not 
become hypertensive ; others did not develop hyper- 
tension until weeks or even months after application 
of the clip. In the majority, however, the onset of 
hypertension of a variable degree occurred during 
the first two weeks, a finding which agrees with that 
of Pickering and Prinzmetal (1938). Sometimes the 
hypertension acquired a malignant character, either 
at an early date or after having run a benign course 
for weeks or months. In other rabbits the hyper- 
tension continued in a benign form indefinitely. 
Like Pickering and Prinzmetal (1938) and others, 
we were unable in the rabbit to produce a permanent, 
marked degree of hypertension when one kidney 
was left intact. 

The drop in pressure in the renal artery distal 
to the clip in our rabbits with chronic hypertension 
was small, and relatively less than the drop found 
distal to a Goldblatt clamp in hypertensive dogs by 
Levy, Light, and Blalock (1938), Trueta (1950), and 
also by ourselves (Daniel, Prichard, and Ward- 
McQuaid, 1954,d). These dogs, however, had not 
been hypertensive for as long as our rabbits. We 
do not know of any measurements made by other 
workers of the blood-pressure distal to a renal artery 
clip in rabbits. 

Exteriorization of the one remaining kidney did 
not affect the health, the renal circulation, or the 
blood-pressures of our rabbits over long periods, 
and was of great value in improving the quality of 
the renal angiograms obtained. 

The investigation provided the opportunity of 
studying the renal circulation of individual animals 
at intervals over a period of several months, and it 
has been instructive to compare angiograms of the 
same animal made at different times. These have 
confirmed the earlier findings (Trueta and others, 
1947 ; Daniel and others, 1951) that there are two 
distinct components of the intrarenal circulation, a 
cortical and a medullary, and that the amount of 
blood flowing through these different pathways is 
variable. In view of some misinterpretation of our 
previous work (e.g., Van Slyke, 1953) we feel it 
necessary at this point to stress our opinion (Trueta 
and others, 1947; Daniel and others, 1952) that in 
normal kidneys, in both the cortical and medullary 
components of the circulation, the blood in all 
circumstances passes through glomerular channels. 
We and others (More and Duff, 1951) have been 
unable to find arteriovenous anastomoses within the 
kidney, and we know of no acceptable evidence that 
they are present and play a part in the intrarenal 
circulation. 
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The present work has shown the re: itkable 


lability of the renal circulation, as indicate by ty 
varying calibre of the renal and intrarenal iTteries 
and by alterations in the degree of perfusio. of th. 
cortex and medulla. It should be emphasi. od thy 
the angiographic method permits only 1. \atively 
gross changes to be seen, but, even so, man. of the 
angiograms of both control and hypertensive rabbit; 
have shown some degree of cortical ischemi., com. 
monly of a focal nature. In some instanccs vaso. 
constriction and/or cortical ischemia appeared to be 
associated with a transient rise in the blood-p: essure. 
the administration of ether, or with anoxia.  Thj 


finding is consistent with the observations of severg| 
other workers. For example, Habif, Papper, Fit. 
patrick, Lowrance, Smythe, and Bradley (195) 
demonstrated by clearance methods that ether and 
certain general anzsthetics caused intrarenal vago- 
constriction in man. Miles and de Wardener (1952), 
using a perfusion method, showed that the inhalation 
of ether induced a neurogenic renal vasoconstriction 
in dogs. Franklin, McGee, and Ullman (1951 
found that in rabbits severe anoxia caused the surface 
of the kidney to blanch, and they considered that 
“* the renal changes were independent of simultaneous 
blood-pressure changes ”’. 

Our findings in regard to the effects of application 
of the clip and of the resulting hypertension may be 
conveniently considered under three headings: 
(a) the early effect of the clip; (6) ‘ malignant’ 
hypertension; and (c) chronic ‘ benign’ hyper- 
tension. 

The Early Effect of the Clip.—The angio- 
grams made during the first few days after applica- 
tion of a clip showed a constriction of the arteries of 
the kidney and a general reduction in the renal 
circulation. An ischemia of the renal cortex was 
also evident, and this finding supports up to a point 
the hypothesis put forward by Trueta and others 
(1947) in regard to the renal circulation in the early 
stages of hypertension. In the latter work, however, 
it was postulated that a cortical ischemia would be 
associated with a diversion of the blood-flow from 
the cortex to the medulla, and as regards such a 
diversion the present work has not provided any 
supporting evidence. It is possible that in our 
animals the medulla was in fact less ischemic than 
the cortex, but this cannot be detected in the angio- 
grams ; it can, however, be said that the medullary 
circulation was not prominent during this stage. 

The impaired renal circulation seen at this early 
stage may be due to various factors. Direct obstruc- 
tion of the blood-flow by the clip would appear to 
be ruled out as a possible cause, since after the first 
week or so the circulation returned to normal, with 
or without the development of hypertension. The 
clip may, however, irritate either the nerves sur- 
rounding the renal artery or the muscular wall of 
the vessel itself. The effects of electrical stimulation 
of the renal plexus of nerves can be most striking 
(e.g., Trueta and others, 1947, Figs. 23, 71). And 
in this connexion it is worth mentioning that in 
another group of experiments (Daniel, Prichard, and 
Ward-McQuaid, 1954, e) in which the renal artery 
was totally obstructed by a clamp for 2 hours, angio- 


grams made 24 and 48 hours later showed in must 


animals a severe vasoconstriction and a cortical 
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RENAL CIRCULATION 


chemi’. That the changes in the renal circulation 
gen soon after application of the clip are due only 
9 the release of a humoral pressor substance 
Schroeder and Olsen, 1950; Shorr, 1951) from 
the anoxic renal cortex seems unlikely in our experi- 
ments, for in the rabbits with two kidneys no 
abnormality could be detected in the angiograms 
which were made of the contralateral kidney. Indi- 
cations that there is some degree of autonomous 
control of the intrarenal circulation have been 
reported by Forster and Maes (1947) and Page and 
McCubbin (1953), and such a mechanism might 
play a part in causing the changes seen. 

‘Malignant’ Hypertension.—In animals in 
which the hypertension developed into a malignant 
type there was an intense constriction of the renal 
and intrarenal arteries and a very severe impairment 
of the circulation through all parts of the kidney. 
This is the picture which might be expected in view 
of the renal failure which so often occurs as a terminal 
event, but it has not hitherto been demonstrated by 
direct methods. It is interesting that Dempster 
(1953, a, b), who made angiograms of transplanted 
kidneys of dogs, found that in the disintegrating 
homotransplant and the anuric autotransplant the 
cortical circulation was reduced or absent. He states 
that direct measurements showed a severe reduction 
of the renal blood-flow. 

In conformity with the findings of other workers, 
our rabbits with ‘ malignant’ hypertension showed 
no histological changes in the kidney and no evidence 
of thrombosis in the renal artery at the site of the 
clip. The present work, therefore, offers no explana- 
tion as to why the hypertension develops into this 
malignant form in certain animals. Histological 
examination of the other organs revealed the presence 
of fibrinoid arterial necrosis, a lesion noted by 
previous workers in ‘ malignant’ hypertension in 
experimental animals (Goldblatt, 1938 ; Wilson and 
Pickering, 1938 ; Fleming, 1953), and produced in 
rats by Byrom and Dodson (1948) by raising the 
intra-arterial pressure. It would have been inter- 
esting to see whether removal of the clip during the 
malignant phase would have resulted in a remission 
of the condition similar to that reported in human 
cases by Pickering, Wright, and Heptinstall (1952). 
In experiments reported elsewhere (Daniel and 
others, 1954, b) we did remove the clip from a group 
of hypertensive rabbits, but in all these animals the 
hypertension was of chronic ‘ benign’ type. In a 
further group of experiments (Daniel and others, 
1954, c) we removed the sole remaining kidney from 
rabbits with long-standing chronic hypertension in- 
duced by a clip, to see whether the resulting uremia 
would cause fibrinoid arterial necrosis, but no such 
lesions developed in the few days for which the 
animals survived, although the hypertension was 
maintained. 

Chronic ‘ Benign’ Hypertension.— Apart from 
the fact that their blood-pressures were raised, the 
animals with chronic ‘ benign’ hypertension were 
reriarkably normal in every respect. The angio- 
grems showed an apparently normal renal circulation, 
even though the blood-pressure had in some cases 
risen by as much as 50 mm. Hg above the animal’s 
orginal resting level, and we could detect no change 
in the relative distribution of the blood-flow through 
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the cortical and medullary circulations. If there was 
a slight reduction or redistribution of the renal blood- 
flow, the change was of an order which cannot be 
demonstrated by the angiographic technique. The 
only unusual feature noted in the angiograms was a 
dilatation of the renal artery immediately distal to the 
clip. This finding, however, was not invariable, as 
suggested by Flasher, Drury, and Jacobson (1951). 
The absence of any appreciable circulatory change 
seen during life was fully confirmed after death by 
the lack of morphological change found in the vessels 
of the medullary circulation, in particular the juxta- 
medullary glomeruli, of which only an insignificant 
number were found to have degenerated. Histo- 
logically, the vessels, not only of the kidney but of 
all other organs examined, showed no evidence of 
the hypertension. And in view of this finding in 
other organs it is perhaps not surprising that no 
abnormality was found either in the circulation or 
the intimate structure of the kidney, particularly 
since the latter had the protection afforded by the 
clip. 

From the results of the present study, therefore, 
it would seem that the theory postulated by Trueta 
and others (1947), that in chronic hypertension there 
is a permanent diversion of some of the blood-flow 
from the cortex to the medulla, does not apply to 
the rabbit with long-standing clip hypertension. 
Trueta (1950), however, who produced hypertension 
in rabbits by the cellophane method and in dogs by a 
Goldblatt clamp, and injected the kidneys when the 
hypertension was “‘ considered to have reached its 
maximum ”’, thought that his findings did support 
this theory. 

Although there have been no reports of clearance 
studies on rabbits made hypertensive by the clip 
method, Homer Smith (1951) points out that many 
workers have shown that renal clearances in man, 
as well as in dogs, are normal in chronic hyper- 
tension. 

It might be thought that the reason why the 
present investigation has not provided evidence in 
favour of the diversion theory (Trueta and others, 
1947) is that the presence of a clip on the renal 
artery protects the kidney from the effects of the 
raised blood-pressure. This explanation is not, 
however, wholly acceptable. It cannot be applied 
to the early stage of the experiment before a sub- 
stantial rise of blood-pressure had occurred, and it 
is probably only partly valid in the later stages when 
chronic hypertension had developed, for in the latter 
case we found that the pressure in the renal artery 
distal to the clip was in fact higher than normal. 
Moreover, we found that after removal of the clip in 
rabbits with chronic ‘ benign ’ hypertension both the 
angiographic and the morphological picture was 
unchanged, even though in most animals the 
blood-pressure remained raised (Daniel and others, 
1954, b). 

Our findings are compatible with the generally 
accepted view that hypertension of the Goldblatt 
type is in the early stages caused by changes involving 
the kidney (Goldblatt, 1947; Pickering, 1951; 
Wilson, 1953), and may be due to renal anoxia. 
We have confirmed (Daniel and others, 1954, c) the 
observation of other workers that after the first six 
weeks total nephrectomy does not cause a fall in 
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the blood-pressure, a finding which strongly suggests 
that at this stage extrarenal factors are responsible 
for the maintenance of the hypertension. Further 
evidence on this point was obtained by the finding 
already mentioned that the hypertension was in most 
instances sustained after removal of the clip (Daniel 
and others, 1954, b). 

There is no general agreement as to how far the 
Goldblatt type of hypertension in experimental 
animals reproduces the condition known as essential 
hypertension in man. The fact that the vessels of 
the kidneys in our rabbits with chronic ‘ benign’ 
hypertension did not show the striking morpho- 
logical changes which had been observed in the 
kidneys of patients with long-standing hypertension 
(Trueta and others, 1947) suggests that we had not 
fully reproduced the condition which had been 
present in these patients. 


SUMMARY 


1. Rabbits were made hypertensive by the clip 
method of Pickering and Prinzmetal (1938). In 
more than half the animals the sole remaining 
‘clipped’ kidney was exteriorized (explanted) be- 
neath the skin of the loin at the time when the clip 
was applied to the renal artery. 

2. The blood-pressure in the unanesthetized 
animal was measured by the ear capsule method. 
In many experiments the level of the ear blood- 
pressure in the anesthetized rabbit was compared 
with the levels obtaining in the carotid artery and the 
abdominal aorta. 

3. In 100 animals the circulation through the 
sole remaining ‘clipped’ kidney was studied by 
means of rapid serial angiography at various times 
up to 207 days after application of the clip. 

4. A study was made of the vascular architecture 
of the juxtamedullary glomeruli by means of neo- 
prene casts of the renal blood-vessels, and a histo- 
logical examination was made of the kidney, the 
‘clipped’ renal artery, and other organs. 

5. During the first few days after application of 
the clip the intrarenal arteries were constricted and 
the circulation through the kidney was reduced. 
There was undoubtedly an ischemia of the cortex, 
but whether the cortex was more ischemic than the 
medulla could not be determined. 

6. The rabbits with chronic ‘ benign’ hyper- 
tension showed no obvious abnormality of the renal 
circulation. The angiograms provided no evidence 
that the circulation through the cortex had sub- 
stantially diminished or that the blood-flow through 
the medulla had increased. In support of this 
finding neoprene casts showed that in these animals 
there had been no significant degeneration of the 
juxtamedullary glomeruli, as is seen in some cases of 
long-standing hypertensionin man. The renal artery 
under the clip showed a great loss of elastic tissue, 
but no histological abnormality was seen in the 
vessels of the kidney itself or of other organs. 

7. Some rabbits developed ‘ malignant’ hyper- 
tension. The angiograms of these animals showed 
an intense renal vasoconstriction and a very severe 
impairment of the circulation through the kidney. 
No lesions were found in the kidneys of these rabbits, 
though in most cases fibrinoid arterial necrosis was 
found in other organs. 
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8. The findings obtained support the vii w thy 
the onset of clip hypertension is associated \ith » 
ischemia of the renal cortex, but they provide py 
evidence, so far as the rabbit is concerned, that whe, 
chronic ‘ benign’ hypertension has developed ther 
is a permanent diversion of the intrarenal blood. 
flow from the cortex to the medulla, as postulate 
by Trueta and others (1947). 
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SHORT NOTES OF RARE OR OBSCURE CASES 





AN UNUSUAL CONGENITAL DEFORMITY OF THE PERINEUM 
By D. WYNN-WILLIAMS 


QUEEN VICTORIA HOSPITAL, PLASTIC SURGERY AND JAW INJURIES CENTRE, EAST GRINSTEAD, SUSSEX 


Tue incidence of congenital anomalies of the rectum 
and anus appears to vary considerably, being 
recorded by Ladd and Gross (1941) as I in 5000, 
and by Farr and Brunkow (1925) as I in 10,000, 
but no figures are available as to the frequency of 





FiG. 97.—Right side of face to show accessory auricles and 


auricular dimples. 


= anomalies in association with a perineal hypo- 
spadias. 

For an explanation of these anomalies one is 
handicapped by the failure of the embryologists to 
» agree upon the exact nature of development in this 
regio. Denis Browne (1951) is, however, of the 
opinion that the aetiology is best explained by 
adhe: nce to the hypothesis of Wood Jones “ that 
the r ctum develops as an off-shoot from the hind- 


gut’ rather than the more orthodox theory that it 
is fo: ned by the division of the cloaca by the growth 
of a septum; thus explaining the fact that this 


outg owth not infrequently misses the proctodeal 
) Pit \ here it should form a normal anus. 





CASE REPORT 


S.W., male aged 2 years. Following an uncomplicated 
pregnancy, delivery was normal. He was noticed at birth 
to have a perineal hypospadias and what was considered to 
be a prolapse of the anorectal mucous membrane. When 





Fic. 98.-—Full face, to show asymmetry and underdevelop- 
ment of right side of mandible. 


first seen at this Unit in February, 1951, he was a small, 
well developed child of normal intelligence. 

Bowels, complete incontinence. Micturition, control 
was difficult to assess on account of the fecal incontinence. 

On EXAMINATION.— 

Head and neck: Facial asymmetry, due to (a) The 
presence of accessory auricles and auricular dimples on 
the right side (Fig. 97), (6) Underdevelopment of the 
right side of the mandible (Fig. 98). 

Limbs : Normal. 

Abdomen: A congenital right inguinal hernia ; other- 
wise normal. 

Back: A mild scoliosis to the right. 

Perineum (under general anesthesia): (1) Penis was 
underdeveloped and posteriorly situated in relation to the 
pubic bones. A perineal hypospadias was seen with the 
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typical gutter formation of the dorsal surface of the 
urethra. (2) Scrotum was bifid, simulating two labia 
majora (Fig. 99). A testicle could be palpated in the 
left side with a normal epididymis and cord. No gonad 
was palpated on the right side. (3) The urethra led 
directly into a large ‘ pseudo-vagina’ which passed 


FIG. 99.—Bifid scrotum. 


upwards 4 in. in length, and was lined by what appeared 
to be squamous epithelium. At the apex of the cavity a 
dimple was seen, with a depression for the urethral 
opening. A catheter was passed through the opening and 





Fic. 101.—Radiograph of facial bones to show short ascending 
ramus and body of right side of mandible. 


2 oz. of urine withdrawn. It was noticed that tone was 
present, suggesting an active sphincter at the bladder 
neck. (4) Anus: gross excess of anal mucous membrane 
on the left side, extending laterally to the ischial tuberosity, 
replacing the skin. This mucous membrane showed no 


corrugation as normally seen with a competent anal 
sphincter. 


The right side of the anus was patulous, but 





JOURNAL OF 





SURGERY 


the mucocutaneous junction was apparently 


(Fig. 100). 

SPECIAL INVESTIGATIONS.— 

Radiography.— 

1. Mandible: There is a relative shortness of the 
ascending ramus and body on the right sid The 


ee 
“a F 


FiG. 100.—Perineum to show excess anal mucous membrane 
on right side, and perineal hypospadias. 


condylar head and neck are slightly deformed. The 
asymmetry may be due to ‘ old’ damage to the condylar 
head on the right side (Fig. 101). 

2. Pelvis: The pelvis and hip-joints are normal. The 
sacrum appears to be asymetrically developed, having a 
scoliosis to the right. 

3. Spine: There is a spina bifida involving both 
D.11 and D.12. 

4. Cystogram (35 per cent pyelectan) : 
and normal bladder is demonstrated. 

5. Barium enema: Great difficulty was encountered 
in obtaining a satisfactory exposure as no sphincteric 
control was present at the anus, but the outline of the 
upper rectum, sigmoid colon, and descending colon 
appear normal. 

AT OPERATION (Feb. 28, 1951).—Laparotomy was 
performed. The abdominal contents appeared normal. 
The musculature on the right side of the pelvic floor 
appeared normal, but palpation suggested gross absence 
of musculature on the left side. The right testicle was 
found at the internal inguinal ring. A left iliac colostomy 
was performed. Examination with faradic stimulation to 
the perianal region showed the presence of functionary 
musculature in the right perianal muscles but no response 
on the left side. On the twenty-third post-operative day, 
the patient developed an acute intestinal obstruction which 
was relieved surgically and found to be due to a closed- 
loop obstruction in the left paracolic gutter. 

Following the relief of the obstruction, the child 
made an uninterrupted recovery and after division of 
the colostomy no further trouble occurred from the 
bowels. 

SECOND OPERATION (July 17).—An_ exploratory 
incision was made along the left mucocutaneous junct‘on 
at the anal margin; the dissection failed to reveal «ny 
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evidence of sphincteric muscle-fibres. The incision was 
then extended into the ischiorectal fossa, but no evidence 
of the left levator ani muscle could be found. At this 
stage it was decided that any attempted reconstruction of 
an anus was impossible owing to the absence of the 
musculature and insufficient skin lateral to the anal 
margin on the left side. A perineal excision of the anal 
canal and rectum up to the peritoneal reflection was then 
serformed. Convalescence was uninterrupted. 





FIG. 102.—Post-operative appearance of genitalia. 


Oct. 13, 1952: The child was admitted to another 
hospital as an emergency with a diagnosis of a strangulated 
right inguinal hernia and an operation was performed. 

Nov. 12 : Re-admitted to this unit for closure of hypo- 
spadias, but was found to have recurrence of the right 
inguinal hernia. 

Nov. 17 : Operation—(1) Repair of right inguinal hernia 
by herniorrhaphy. (2) Correction of chordee by Denis 
Browne method. 

April 17, 1953 : Operation—A Denis Browne procedure 
was performed to close the perineal hypospadias, with the 
modifications that an indwelling catheter was left along 
the urethra for five days. Post-operatively, the urethra 
healed by first intention (Fig. 102). 

April 27 : Operation—Accessory auricles on the right 
side of the face were removed (Fig. 103). 

Since this final procedure the child has remained in 
good health. The colostomy acts twice per day and the 
child is capable of care of it himself. The control of 
micturition is normal. 


DISCUSSION 


This deformity does not appear to have been 
described previously ; and it is difficult to determine 
into which category of Denis Browne’s classification 
it cn be placed; that of the erratic migration 
appears to cover the majority of the findings. 

‘‘ertain features are difficult to explain embryo- 
logi-ally. The gross overgrowth of the anal mucous 
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membrane actually replacing the buttock skin on 
the left side ; the absence of the anal sphincter and 
relative absence of levator ani muscle on the same 
side may be related to some common develop- 
mental failure ; they certainly prevented any attempt 
to reconstruct a functioning anal canal, and made 
the formation of a permanent colostomy a necessity. 
The excess of anal mucous membrane, with its 





F1G. 103.—Post-operative appearance of face. 


excessive mucous secretion, had to be removed to 
allow the surrounding skin to regain its normal 
‘dryness ’, and this led to the perineal excision of 
the rectum being performed. 

The closure of the perineal hypospadias was 
simplified owing to the perineal excision having been 
performed. The method used was that described 
by Denis Browne, and the variation of the indwelling 
catheter had no special significance. 

The maldevelopment of the right side of the 
mandible, although radiologically suggested to be 
due to old damage, may be related to the auricular 
anomalies on the right side of the face. 


I wish to express my thanks to Sir Archibald 
McIndoe, who referred this child to me; to Dr. 
Campbell for the radiographs ; and to Mr. Gordon 
Clemetson for the photographs. 
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NEURILEMMOMaA of the small intestine is an uncommon 
tumour. Stout (1935) collected records of § such 
cases. To this number, Walker (1949) added 1 case 
of his own, and collected 15 additional adequately 
described cases. Willis (1953) has encountered a 
case in which there were three neurilemmomas in 
the small intestine. 

The following case is reported because of the 
confusion in diagnosis arising from the association 
of the jejunal neurilemmoma with a diaphragmatic 





. _104.—Neurilemmoma of the 
veins draining the tumour are seen on the serosal surface of 
the jejunum. 


FIG. jejunum. Dilated 


hiatal hernia and an ovarian fibroma, and because 
of the unusual manner in which the neoplasm caused 
intestinal hemorrhage. 


CASE REPORT 


A housewife, aged 58, was first admitted to the 
Bradford Royal Infirmary on Feb. 14, 1950, with a two 
years’ history of weakness and dyspnoea on exertion. 
Three months previously she had collapsed in the street, 
with loss of consciousness for several minutes. She also 
complained of indigestion, with flatulence and heartburn. 
The heartburn was frequently brought on by stooping, 
and became worse when she lay down at night. 

Radiological examination of the bowel with barium 
demonstrated the presence of a diaphragmatic hiatal 
hernia of combined sliding and para-cesophageal type. 
No lesion was found in the stomach, duodenum, or small 
intestine. The results of a fractional test-meal were 
within normal limits. Examination of a _ blood-film 
showed a hypochromic microcytic anemia. The hemo- 
globin was 7°8 g. On this occasion tests for blood in 
the feces were negative. 

Almost two years later (Nov. 18, 1951), the patient 
was re-admitted to hospital with the same symptoms. 
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She had noticed that her motions were black in colour 
Two days after admission she collapsed and passed , 
large melzna stool. A small hematemesis also occurred. 
There was repeated vomiting. The haemoglobin wa 
6-8 g. She was given blood transfusion. 

Three months later she was again admitted to hospital 
(Feb. 3, 1952). She complained of dysphagia, severe 
heartburn, vomiting, and weakness. Repeated syncopal 
attacks had occurred. The presence of a hiatal hernia 
was again demonstrated radiologically, without evidenc 
of any other lesion in the intestinal tract. Regurgitation 
and vomiting continued in hospital. The vomitus con- 
tained blood. The hemoglobin was 8-3 g. 

She was transferred to the Department of Thoracic 
Surgery. In addition to the signs of anzmia, a firm, 
smooth, mobile mass lying in the pouch of Douglas was 
felt on rectal and vaginal examination. This mass was 
considered to be an ovarian tumour. 

Csophagoscopy findings: The «sophagogastric 
mucosal junction lay at 38 cm. from the incisor teeth. | 
moved upwards a distance of about 2 cm. on withdrawal 
of the cesophagoscope. Free reflux of gastric juice into 
the cesophagus was seen to occur. The cesophagoscope 
passed straight into a herniated pouch of stomach 
Ulceration was seen in the esophageal mucosa immediately 
above the mucosal junction on the posterior cesophageal 
wall. Some bleeding occurred when this area was touched 
with the ceesophagoscope. There was cesophagitis in the 
lower third of the cesophagus. 

A diagnosis of hiatal hernia with ulceration of squamous 
epithelium was made. 

On March 12 transthoracic reduction of a hiatal hernia 
was carried out. The stomach and first part of the duo- 
denum were carefully examined through the diaphrag- 
matic incision. No gastric or duodenal lesion was found. 

After operation there was progressive anemia. The 
hemoglobin, which at operation was 9-9 g., dropped to 
6-7 g. in ten days. Tests for blood in the faces were 
positive. Three weeks after operation, she collapsed 
and had melzna. 

Laparotomy was performed four weeks after the 
reduction of the hiatal hernia. No lesion was found 
in the stomach or duodenum. A smooth, round, solid 
pedicled tumour was found in association with the left 
ovary. This tumour was removed. A second smaller 
tumour, about the size of a hen’s egg, was found at the 
pelvic brim on the right side. It was attached to the pelvic 
peritoneum by slender adhesions which gave way during 
palpation of the tumour which could then be delivered 
into the wound. The tumour was then seen to be attached 
to the antimesenteric border of the jejunum about 4§ cm. 
from the duodenojejunal flexure. It was very vascular. 
Large blood-vessels coursed over its surface. Its arterial 
supply arose from the mesenteric vessels. Two large 
arteries were seen coming from the mesentery and passing 























FIG. 
























S Its 














around the circumference of the jejunum to enter the solid 
tumour. Each artery was accompanied by a leash ol ] 
large tortuous veins which emerged from the tumour grov 
(Fig. 104). A segment of jejunum, 10 cm. in length, regi 
with the attached tumour, was resected, and end-to-end vas 
jejunal anastomosis carried out. Th 
When the jejunum was opened along its mesenteric an 
border, large engorged veins were seen under the mucosa. fro 
The mucosa appeared to be intact and, on preliminary grc 
examination, there was no evidence of the site of origin At 
of the bleeding. When the engorged veins were geatly bas 
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compressed between the finger and thumb, blood flowed 
fom a tiny pit on the surface of a mucosal fold. This 
fold was occupied and widened by a dilated vein which 
had ruptured on its surface through a minute opening 


Figs. 


105, 106). 


PROGRESS.—Fifteen months after resection of the 


wmour, the patient is well. Her blood-picture is normal. 
She is without symptoms of ‘ indigestion’. Whereas 





Fic. 105.—The mucosal aspect of the jejunum. The arrow 


indicates the site of rupture of a dilated vein. 


formerly she was a chronic invalid, she is now able to do 
all her housework without difficulty. 
PATHOLOGICAL FinpinGcs (Dr. H. S. Kellett).— 
Jejunal Tumour: The tumour was a rounded nodule 
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3 < 3 cm.) on the serosal surface of the bowel. 





107.—Section of neurilemmoma showing palisading of 
nuclei and prominent blood-vessels. (* 35.) 


iter surface was smooth and its cut surface showed 
growth and cavities containing blood-clot. 
istological section showed a fasciculated spindle-cell 
h with palisading of nuclei. Nuclear structure was 
ir and mitoses rare. There were large thin-walled 
lar spaces and areas of old and recent hemorrhage. 
side of the tumour nearest the intestinal lumen had 
regular border separated by large venous spaces 
the muscle layers of the bowel wall. Further 
os of dilated veins were present in the submucosa. 


me point a cavernous blood-vessel opened into the 


of a mucosal gland and was plugged with fibrinous 





coagulum with some fibroblastic proliferation from the 
sides. The columnar epithelium of this gland had 
proliferated downwards to line the adjacent parts of the 
wall of the blood-sinus. The structure of the tumour 
was that of a neurilemmoma with prominent angiomatous 





Fic. 106.—Enlarged photograph of the bleeding point. 


areas. Intestinal hemorrhage seemed to have occurred 
from one of the cavernous sinuses associated with an 
otherwise benign tumour. (Figs. 107, 108.) 





FiG. 108.—Section of the jejunal mucosa at the site of 
hemorrhage, showing a large venous sinus partially lined by 
glandular epithelium and containing thrombus. ( 20.) 


Ovarian Tumour: The specimen was a smooth, 
ovoid tumour (8 * 6 < § cm.) with a uniformly hard 
and fibrous cut surface. On examinaton histological 
section showed a fibroma with a whorled structure. 
There was no evidence of regimentation of cells or of 
malignant change. 


DISCUSSION 
In the presence of unexplained high intestinal 


bleeding, a neoplasm of the small intestine must be 
considered as a possible source of the hemorrhage, 
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as has been emphasized by Gordon-Taylor (1943) in 
connexion with leiomyoma. 

In the above case confusion arose because it was 
assumed that the blood in the vomit and the blood 
in the stools came from the same source. The 
hematemesis was, however, secondary to peptic 
ulceration of the cesophagus, and the melena was 
due principally to hemorrhage into the small bowel. 
Clay (1947) reported a case of neurofibrosarcoma of 
the small bowel in which there was an associated 
para-cesophageal hernia. In that case the question 
of whether or not the anemia was secondary to the 
presence of the hiatal hernia was discussed. In our 
case bleeding did, in fact, occur from peptic ulcera- 
tion of the cesophagus, but hematemesis was insig- 
nificant as compared with the recurrent gross 
melena. It must be rare for melzna to occur with- 
out considerable hzmatemesis as a result of ceso- 
phageal hemorrhage. Importance should have been 
attributed in this case to the minor nature of the 
hematemesis as compared with the melzna. 

Hiatal hernia is a common condition. While 
formerly symptoms of reflux cesophagitis were fre- 
quently attributed to disease of the gall-bladder or 
duodenum, there is now a danger of reversal of this 
process. The finding of a hiatal hernia does not 
obviate the necessity for careful examination of the 
stomach and duodenum, and, as in this case, of 
other parts of the intestinal tract. 

In 13 of the 15 cases collected by Walker (1949), 
the neurogenic tumour of small intestine was pal- 
pable, and in no fewer than 5 of these cases the pre- 
operative diagnosis was that of ovarian cyst. In the 
case described here, the presence of a palpable 
tumour on rectal and vaginal examination might have 
led to the correct diagnosis, although quite fortui- 
tously. The palpable tumour was, in fact, an ovarian 
fibroma. 

Hematemesis was, therefore, a source of con- 
fusion, and the presence of a palpable mass would 
have assisted diagnosis only had it been wrongly 
interpreted. 

As the tumour was entirely extraluminal, radiology 
was not helpful. Symptoms of obstruction or of 
intussusception did not occur. 

In Stout’s series (1935) none of the intestinal 
neurilemmomas was associated with generalized 
neurofibromatosis. In this case no stigmata of von 
Recklinghausen’s disease were found. Histological 
examination of the ovarian tumour gave no indica- 
tion that it was of neurogenic origin. 

Intestinal hemorrhage is a frequent complication 
of neurogenic tumours of the small bowel. Central 
necrosis of the tumour occurs, eventually involving 
the mucosa and giving rise to bleeding into the 
intestinal lumen (Canney, 1948). The circum- 
stances in a case described by Grill and Kuzma (1942) 
were somewhat different, and more closely resembled 
the findings in the present case. In their case there 


were thin-walled blood-spaces in the tumour, and 
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these were especially abundant in the area carey 
the epithelium of the bowel. They rema:< tha 
“‘on following the epithelium one observed a eas of 
erosion and necrosis. At such places the 5lood. 
sinuses could be seen to open directly into the 
intestinal lumen ”’. 

In the case described in this report the tumour 
was drained by large tortuous thin-walled veins 
which could be seen both on the serosal and on the 
mucosal aspect of the bowel. Those under the 
serosa are seen in the photograph of the tumour 
(Fig. 104) and have the typical appearance of vari- 
cose veins. The veins under the mucosa were of 
similar appearance. There were thus large blood- 
sinuses within the tumour and lying external to the 
muscular coat of the bowel, and also dilated veins 
emerging from the tumour. The latter, though 
secondary to the presence of the tumour, were not 
part of the tumour. It was from rupture of one of 
these veins lying in the submucosa that hemorrhage 
occurred. The mucosa was not involved in a 
necrotic process originating within the tumour. 

It is remarkable that the patient’s life was 
repeatedly endangered by bleeding from such a 
minute defect in a vein wall. The condition was 
analogous to rupture of an cesophageal varix in that 
hemorrhage was profuse, its onset and its cessation 
unpredictable, and its site of origin relatively insig- 
nificant. The manner in which the intestinal epi- 
thelium proliferated downwards to line the adjacent 
area of the wall of the ruptured vein rather than 
extending across the defect, may be of importance in 
explaining the recurrent hemorrhage in this and 
other cases. This downward proliferation results 
in the defect in the vein wall being lined by columnar 
epithelium and occluded only by a fibrinous 
coagulum. 


SUMMARY 


A case of neurilemmoma of the jejunum is des- 
cribed which was associated with a diaphragmatic 
hiatal hernia and an ovarian fibroma. Comment is 
made on difficulties in diagnosis and on the unusual 
origin of the hemorrhage, which occurred from 
rupture of a vein draining the tumour and not from 
the tumour itself. 


I am indebted to Dr. H. S. Kellett for the 
pathological reports, and to Mr. P. Harrison for the 
photographs. 
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MALIGNANT LEIOMYOMA OF THE SPERMATIC CORD 
By P. GILROY BEVAN 


SURGICAL REGISTRAR, THE QUEEN ELIZABETH HOSPITAL, BIRMINGHAM 


LEIOMYOMA of the uterus is probably the commonest 
tumour in the body. Leiomyoma has also been 
described as occurring in the ovary, the Fallopian 
tube and the broad ligament, and in the alimentary 
tract in both sexes—most commonly in the stomach 
Boyd, 1947). In the male genital tract leiomyoma 
of the prostate appears frequently, and is well recog- 
nized in the bladder and ureter. It rarely occurs 
in any other site and the spermatic cord is a most 
unusual location for this tumour. Zuchner and 
Aronberg (1951) describe one case, and give its 
rarity as a reason for publication. In their paper 
they present only 9 other cases collected from the 
literature. 

In a review of 247 tumours of the spermatic cord, 
Schulte, McDonald, and Priestley (1939) classify 
70 per cent as benign and 30 per cent malignant. 
Among the benign are included 3 leiomyomata and 
4 myomata; among the malignant are 2 cases of 
leiomyosarcoma. In view of the uncommon site 
and nature of the tumour, it is considered that the 
following case will be of interest. 


CASE REPORT 


A male patient, W. H., aged 75, was admitted to 
hospital in July, 1953. He complained of a lump in the 
right groin which had been siowly increasing in size over 
the past nine months. It had given him no pain, and 
apart from its size was symptomless. He also gave a 
history of increasing frequency of micturition for the 
past year. 

On EXAMINATION.—The patient’s general condition 
was good for his years, although he was deaf. In the 
upper part of the scrotum on the right side was a lobu- 
lated mass, roughly oval in shape, and about 4 in. in its 
long diameter. It had a definite edge, and the surface 
of the lobules was smooth. The consistency was firm 
and uniform. The tumour was not tender and did not 
transilluminate. It had no attachment to the skin or 
deep tissues, but appeared fixed to the spermatic cord, 
with lateral but not vertical mobility. In the region of 
the tumour the spermatic cord was not palpable separate 
from it, but was felt to run into the upper pole of the 
tumour and issue from the lower end. It was possible to 
feel the upper limit of the mass situated just below the 
external inguinal ring. The testicle was to be found 
oe separate from the tumour, and there was no inguinal 
ernia. 

On rectal examination, the prostate was enlarged 
size II); this enlargement was smooth, regular, and 
firm, with a well-marked median furrow, suggesting 
benign hypertrophy. The bladder was not palpable and 
there was no significant residual urine. 

Radiography of the chest was reported as follows : 
“Basal pleural thickening—normal for age.” 

_ The blood-count (white and red cells) was within the 
limit: of normal. 

OPERATION was carried out through an incision 
paral el with and just above the inguinal ligament. The 


tumcur was delivered without any difficulty, and was 
removed together with the testicle by ligating and divid- 
ing the spermatic cord at the external ring. 
FaTHOLOGY.—Dr. K. W. Walton has kindly con- 
trib ted the following account of the pathological appear- 
ance 5 


of the tumour :— 


*“* The specimen consisted of a portion of the spermatic 
cord enveloped by an irregular nodular fusiform swelling 
13 * 7 * §'§ cm. On bisecting the swelling, its lower 
portion was found to contain a normal testis above which 
was a well-encapsulated firm, white, fibrous tumour 
8 x 6 x § cm. in size. The tumour appeared to be 
continuous with the outer coats of the spermatic cord, 
but the spermatic vessels and the ductus deferens showed 
no evidence of invasion. The cut surface of the tumour 
showed scattered irregular areas of hemorrhage, and 
occasional areas of necrosis and of gelatinous degeneration. 





Fic. 109.—The testicle and tumour after removal. Note 
that the testis is separate from the tumour and shows no 
macroscopical abnormality. 


The testis was entirely separated from the tumour, and 
apart from indentation at its upper pole showed no 
obvious macroscopical abnormality (Fig. 109). 

Microscopically the tumour consisted of interlacing 
bundles of spindle-shaped cells and fibrils interspersed 
with pleomorphic cells, some of which showed mitoses 
and marked nuclear irregularities (Figs. 110, 111). The 
spindle-cells and fibrils did not give the characteristic 
staining reactions of collagen and were thus in marked 
contrast with the well-developed capsule which enclosed 
the tumour. The general appearance of the tumour was 
characteristic of a leiomyoma which was undergoing 
sarcomatous change. The tumour had presumably arisen 
from the plain muscle of the outer coats of the spermatic 
cord. 

The testis showed arrest of spermatogenesis, but was 
otherwise normal. 

POST-OPERATIVE CouRSE.— Following the operation the 
wound healed ab initio. However, the patient developed 
complete retention of urine and had to be catheterized 
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daily. On the sixth day it was considered necessary to 
carry out prostatectomy, which was performed through 
the retropubic route. The prostate was enucleated 
easily and the specimen removed weighed 2 oz. The 
pathology was described as “‘ fibro-myo-epithelial hyper- 
plasia”’. Following this, the patient made an uneventful 
recovery and was discharged two weeks later. When seen 
at follow-up three months after this, the patient was well 
and passing urine normally. Both wounds were healed, 
and there was no evidence of recurrence of the tumour, 


Fic. 110.—Low-power view of tumour showing interlacing 
bundles of spindle cells with occasional pleomorphic giant 
cells interspersed among the bundles. (Hematoxylin and 


eosin.) (* 7§.) 





DISCUSSION 


The diagnosis of leiomyoma undergoing sar- 
comatous change was made on histological grounds. 
The tumour was perfectly encapsulated and fully 
mobile on clinical examination, with no suggestion 
of malignancy or metastasis. 

The presumptive origin of the tumour from the 
outer coats of the cord is of interest. Portalier 
(1908) in his article on leiomyoma of the spermatic 
cord (quoted by Zuchner and Aronberg) also sug- 
gests that the tumour arises from the smooth 
musculature of the cremaster internus. However, 
Stout (1932) maintains that in general leiomyomata 
arise from the smooth musculature of vessel walls. 
A third alternative is stated in the American Registry 
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of Pathology (1946), that leiomyomata spring from 
the abundant smooth muscle coat of the va.. 
our case the tumour seemed quite distinct fro. 
vas 








Finally it seems an interesting coincidenc: 
Zuchner and Aronberg’s case showed enlarge 
of the prostate necessitating prostatectomy two years 
later, of which the nature was also benign hyper. 
trophy. 




























Fic. 111.—High-power view of portion of tumour with 
cells showing sarcomatous characters. Note the irregularity 
of shape, size, and staining of nuclei of the cells in this field. 
(Hematoxylin and eosin.) (* 75.) 























I should like to thank Mr. R. K. Debenham for 
his permission to publish this case ; also Dr. K. W. 
Walton for describing the pathology. 
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THE small number of cures following radical total 
gastrectomy for carcinoma make it all the more 
tragic when an unusual complication ends life 
following an apparently successful operation. 


CASE REPORT 


After a six months’ history, C. G., a man of 63, had 
a radical gastrectomy performed in November, 1950, for 
a huge polypoid adenocarcinoma of the stomach. The 


RETROGRADE INTUSSUSCEPTION FOLLOWING ROUX-LOOP ANASTOMOSIS 
IN TOTAL GASTRECTOMY 


By W. W. DAVEY, WHITTINGTON HospiTaL, LONDON 





operation was done through an abdominothoracic 
approach and the block of tissue excised included the 
stomach, spleen, body and tail of pancreas, and the 
greater and lesser omenta. Section of the regional 
glands did not show any metastases. Continuity of the 
alimentary canal was restored by end-to-end cesophago- 
jejunostomy with a Roux-en-Y anastomosis. The loop § 
of jejunum was mobilized after the manner of Sweet and 
was brought up to the cesophagus behind the transverse 
colon. Both anastomoses were done with two layer: of 
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catgut, and the holes created by the free edges of the 
mesenteries of the jejunal loops and the hole in the 
mesocolon were closed with interrupted sutures. The 
‘pile-duct ’ loop of the jejunum joined the loop coming 
fom the ceesophagus on its antimesenteric border and on 
its left side. 

Following this operation C. G. lived a normal life and 
his weight remained steady at 8 st. 9 lb. He was seen 
at regular intervals in the out-patient department. In 
September, 1953, he was re-admitted to the unit gravely 
ill with a 48-hour history of constant upper abdominal 
pain which had started suddenly and was associated with 
vomiting. He was very ill, being extremely breathless 
and showing signs of dehydration, with a blood-pressure 
of 110/60 (normal being 180/80). There was a firm 
tender cystic swelling filling the entire left upper quadrant 
of the abdomen and aspiration of this produced fluid with 
the appearance of urine. The abdomen was silent on 
quscultation. He never became fit for laparotomy and 
died 22 hours after admission. 

At Autopsy.—The primary cause of death was a 
high intestinal obstruction due to a retrograde intus- 
susception starting in part of the jejunum distal to the 
jjunojejunal anastomosis. It travelled back through 
this anastomosis along the ‘ bile-duct’ loop of jejunum 
to the duodenum and the apex reached a point only § 
cm. from the duodenal stump (Fig. 112). The intus- 
susception was reduced with difficulty and the total 
of the layers taking part was 40 cm. The stoma of the 
jjunojejunal anastomosis through which the intus- 
susception passed was 4 cm. in diameter. Obstruction 
was absolute and the distal bowel was collapsed. The 
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large ‘ cystic’ tumour in the left hypochondrium was 
dilated jejunum just beyond the cesophagojejunal and 
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Fis. 112.—Diagram showing the findings at autopsy. 
proximal to the jejunojejunal anastomosis. There was no 


macroscopical or microscopical evidence of carcinomatous 
tissue. 








THE reticulum-cell sarcoma is a fairly recent addition 
to the various categories of primary malignant 
tumours of bone. In 1928 Oberling introduced the 
term ‘ reticulosarcoma’ to explain the histogenesis 
of tumours formerly considered to be of the ‘ Ewing’ 
type, and Oberling and Raileanu (1932) subsequently 
described the characteristic production of reticulin 
by the cells of this type of tumour. More wide- 
spread use of the term ‘ reticulum-cell sarcoma’ in 
diagnosis dates, however, from the paper of Parker 
and Jackson, who, in 1939, described 17 cases drawn 
mainly from the records of the American College of 
Surgeons’ Bone Sarcoma Registry. The ‘ entity’ 
these authors described was an osteolytic lesion, 
occurring in patients under the age of 40 years, and 
most frequently involving the femur, clavicle, tibia, 
and humerus. Histologically, the tumours were 
characterized by the production of reticulin fibres, 
arranged in a delicate network between rounded or 
Oval tumour cells. The treatment recommended by 
Parker and Jackson was amputation and irradiation, 
fo!'owing biopsy diagnosis. In contrast to other 
tyes of malignant osteolytic bone tumours, 7 of the 
I. cases described had survived ten years or longer 
a er treatment. 

Following Parker and Jackson’s paper, several 
ccnfirmatory accounts have appeared, including those 
0: Szutu and Hsieh (1942), of Coley (1949), and of 
Vills, Muscolo, and Schajowicz (1952). A paper 








A CASE OF RETICULOSARCOMA (RETICULUM-CELL SARCOMA) OF BONE 
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by Sherman and Snyder (1947) has described the 
radiological features of reticulum-cell sarcoma. In 
spite of these accounts, however, the condition— 
because of its rarity—is not well known, and for this 
reason the following case report is put on record. 


CASE REPORT 


CuinicaL Detaits.—T. T., male, aged 36. The 
patient was referred to hospital because of pain in both 
knees, present intermittently over a period of three 
months. The pain in the right knee had increased in 
severity, while that in the left knee had now disappeared. 
The pain started after the patient had been up for about 
an hour and it got worse throughout the day, especially 
after exercise. Prior to the onset of his present complaint 
the patient had been in good health. He had served in 
the Polish Air Force and had been wounded, but his 
injury did not involve the right leg. 

On examination, the left knee showed no abnormality. 
The right knee, however, was swollen (a marked synovial 
effusion was present) ; extension was limited by 20° and 
flexion limited to a right angle. No definite tenderness 
was found, but the skin temperature was slightly raised, 
and there was gross wasting of the quadriceps muscles. 
No local or generalized lymph-node enlargement was 
present, either at this stage or later. 

X-ray examination showed (Fig. 113) a periosteal 
reaction involving the lower end of the shaft of the right 
femur to a distance of approximately 2 in. above the 
condyles. There was no evidence of cortical erosion or 
medullary destruction in relation to the periosteal reaction, 
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Fic. 113.—Periostitis of the lower shaft of femur. Medulla and cortex intact. 
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Fic. 114.—Very early cortical erosion in suprapatellar area of femur. Diffuse osteoporosis is the only recognizable abnormality 
of the rest of the bone. 

















although minimal changes in the bone deep to the supra- 
patellar pouch were considered as osteoporosis occasioned 
py the large effusion into the knee-joint. 
* After admission to hospital (Nov. 10, 1952), certain 
investigations were carried out. The Mantoux reaction 
was positive in a dilution of 1-10,000; the blood- 
sedimentation rate was 30 mm. in 1 hour ; the Wassermann 
and Kahn reactions and the gonococcal complement- 
fixation test were negative. No abnormality was found 
on urine examination, and the results of total and 
differential blood-counts were normal. 

Aspiration of the right knee-joint gave a straw- 
coloured fluid which formed a small clot on standing. 
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The report on the tissue removed was as follows :— 
“No tumour tissue can be found in the material 


removed at operation. It consists of partly necrotic 
bone trabecule together with cellular granulation tissue 
showing non-specific chronic inflammatory changes and 
some fibrosis. In some areas numerous polymorpho- 


nuclear leucocytes are present, but in most areas small 
round cells and elongated fibroblasts are predominant. 
There is no specific histological evidence of tuberculosis or 
syphilis, nor does the lesion have a histological structure 
of ‘ eosinophilic granuloma’ of bone.” 

The leg was again immobilized in plaster. 
radiographs (Fig. 


Later 
115) showed increased osteoporosis, 





F1G. 115.—Increased periosteal reaction with definite cortical osteal and periosteal break. (Note the biopsy defect.) 


No micro-organisms were seen on direct examination 
of the fluid; cultures remained sterile and guinea-pig 
inoculation was negative. 

Exploration of the knee was carried out. The 
articular cartilage of the medial femoral condyle was 
thinned, but no other abnormality was found. In view 
of the negative operation findings a period of physiotherapy 
was started, but as this increased the patient’s pain it was 
soon discontinued and a padded cast applied to the limb. 

X-ray films (Fig. 114, taken Dec. 17) showed 
extension of the periosteal reaction and the presence of 
a small area of erosion of the cortical bone anteriorly 
in ‘he lower part of the shaft. In spite of a finely granular 
Ostcoporotic appearance of the lower third of the femur 
there was still no radiological indication of medullary 
involvement. Chest radiographs showed no abnormality. 

By Dec. 31 broadening of the femur was clinically 
apoarent, and the lower end of the femur was explored. 
A’ operation the surface of the bone was roughened. 


and medullary destruction was now suggested by osteo- 
lytic areas just above the level of the femoral condyles. 
The periosteal reaction had increased in extent and showed 
a break in its outline anteriorly. Because of these findings, 
and because of the patient’s increasing pain, which was 
now constant and difficult to control with sedatives, a 
second bone biopsy was performed on Feb. 18, 1953. 
The knee-joint and the lower end of the femur were 
approached through a long lateral prepatellar incision. 
The synovial membrane was replaced by creamy white 
material, mainly solid but showing areas of softening. 
The anterolateral aspect of the femoral condyle was 
eroded, and bone in this region felt necrotic. Tissue 
was removed from the synovial membrane, from the 
eroded condyle, and from the site of the previous bone 
biopsy. The report was as follows :— 

** Reticulosarcoma. Tissue removed has the histo- 
logical structure of a malignant reticulosis. A considerable 
part of the tumour tissue is necrotic, and many areas are 
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infiltrated with polymorphonuclear leucocytes. The 
tumour cells are rounded or polyhedral, while their 
nuclei are rounded, stained deeply, and present numerous 
mitoses. The tumour tissue shows no differentiation of 
bone or cartilage, and presents a conspicuous network 
of argyrophil reticulin fibres which are finely arranged 
between the tumour cells. In most areas the tumour 
tissue produces very little collagen.” 





Fic. 116.—Photograph of the longitudinally divided 
amputation specimen. Note the soft-tissue mass invading 
muscles anteriorly and posteriorly, and surrounding the main 
popliteal vessels. The two agey areas can be seen on the 
anterior surface of the bone. e larger and lower of the 
two is the second biopsy. The level of amputation was 
pony nm higher than the upper margin of the femur 
as shown. 


Amputation was performed through the upper thigh. 
At operation, the bone and muscle at the level of amputation 
appeared normal and this was confirmed by immediate 
frozen section. The patient made an uneventful recovery, 
and was given post-operative deep X-ray therapy to the 
region of the femoral stump, right iliac fossa, and pelvis. 
The depth dose to the femoral region was 3508 r, and that 
to the pelvis 3500 r. 

He was fitted with an artificial limb, and now, sixteen 
months after operation, shows no clinical evidence of 
local recurrence or remote metastasis. Chest radiographs 
show no evidence of pulmonary metastases. 

PATHOLOGICAL FINDINGS.—Examination of the ampu- 
tation specimen yielded the following information: The 
whole of the lower end of the femur (Fig. 116) is involved 
by tumour ; this has extended to the knee-joint, and also 
forms a bulky soft-tissue mass behind and in front of the 
bone. The tumour appears to have arisen in the medul- 
lary region of the lower part of the femur, and its extensive 
spread is of interest in view of the minimal radiological 
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changes throughout its clinical development. The: 


mour 
had produced some patchy destruction of bone, bi bone 
trabecule remained intact in many areas invaded sy the 


tumour, which was therefore not outlined as a uni >rmly 
osteolytic area. Behind the femur, the soft-tissuc mags 
has extended to surround the popliteal vessels, <nod to 
displace the sciatic nerve and its branches. The maip 
vessels are free from tumour invasion, but a number of 
smaller veins at the margin of the tumour are found op 
microscopical examination to have their walls infilcrated 
by tumour cells. This finding suggests that tumour 
emboli may already have been carried to the lungs, and 
that the development of pulmonary metastases is likely, 
The upper 4 in. of the resected part of the femoral shaft 
is free from tumour. In fact, the periosteal reaction inp 
this situation extends considerably farther than demon- 
strable tumour invasion in the marrow. 

Histological examination of tumour tissue from a 
number of sites in the amputation specimen shows the 
same structure of reticulosarcoma seen in the second 
biopsy specimen. The tumour is predominantly round- 
celled, and presents a conspicuous network of argyrophil 
reticulin fibres (Figs. 117,118). Thelesion fails to show the 
variegated histological appearance of Hodgkin’s disease, 
and multinucleated tumour giant-cells of the Sternberg- 
Reed type, although present in it, are very rare. On the 
whole the tumour tissue contains little collagen, but 
occasional areas with a more spindle-celled structure show 
more collagen and less reticulin fibres. In all sites studied, 
the tumour tissue shows extensive necrosis. 


DISCUSSION 


The present case is of interest in that it demon- 
strates how a patient with a primary bone tumour 
may present with symptoms and signs indicating 
joint disease. Misleading signs of this sort were 
present both on clinical and radiological examination, 
and two biopsies were needed before the final diag- 
nosis was made, by which time a conspicuous soft- 
tissue mass had developed. Appearances in the 
second biopsy conclusively established the diagnosis 
of reticulosarcoma and review of the earlier biopsy 
sections showed that some of the “ granulation 
tissue rich in small round cells” is unquestionably 
the same tissue that is now recognizable as a neo- 
plasm. However, it is not possible from the earliest 
specimen alone to find conclusive evidence of malig- 
nancy, and so make the correct diagnosis. 

Having established the diagnosis of a malignant 
reticulosis, certain points of differential diagnosis 
have still to be considered within this general group 
of ‘lymphoid ’tumours. According to Willis (1948), 
the exact points of separation between reticulo- 
sarcoma, lymphosarcoma, and Hodgkin’s disease are 
not clear, and an individual case may occasionally 
show features of more than one of these entities. 
This should be borne in mind in connexion with the 
diagnosis of primary lymphoid tumours of bone, 
but in the present case the histological features 
enumerated and illustrated are characteristic of 
reticulosarcoma. 

It is sometimes difficult to establish whether a 
tumour with the histological structure of reticulo- 
sarcoma is primary in bone, or has metastasized to 
the skeleton from a primary tumour in lymph-node 
tissue. In the present case, the solitary bone lesion, 
and the absence of lymph-node involvement sixteen 
months after the resection of the tumour, confirm that 
the tumour was primary in bone and had not metasta- 
sized from an inconspicuous primary elsewhere. 
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The X-ray findings are of interest in that they 
are not typical of reticulosarcoma. These tumours 
ysuaily present with evidence of patchy bone destruc- 
tion in the medulla. This destruction then usually 
spreads to involve the surrounding cortical bone and 





Fic. 117.—Histological appearance of the tumour in a 


section stained with haematoxylin and eosin, showing the 
rounded appearance of the tumour cells and the absence of 
any bony or cartilaginous differentiation. (x 225.) 


may actually produce a little expansion. Periosteal 
reaction, whilst not uncommon, is not as a rule the 
presenting feature and, on purely radiological grounds, 
its presence in the present case suggested a diagnosis 
of osteolytic osteosarcoma rather than of reticulo- 
sarcoma. 

In retrospect it may be said that the diagnosis 
should have been made earlier, but the history 
follows closely that of some other similar cases 
recorded in the literature, particularly one described 
by Coley (1949). Thus in cases of unusual and 
unexplained joint disease, the differential diagnosis 
should include bone sarcoma, and reticulosarcoma 
in particular should be remembered as a type of 
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lesion where radiological evidence of the underlying 
condition may not initially be apparent. 


We wish to thank Dr. E. H. Allen for his help 


with the radiological aspects of this case. 





Fic. 118.—Histological appearance of the tumour in a 
section stained for reticulin, showing the uniform network of 
fine reticulin fibres between the tumour cells. (™ 225.) 
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SUDDEN blindness is a rare and serious complication 
of severe hemorrhage. When the sight does not 
recover, optic atrophy is found. In this case 
papilleedema was present when the patient was first 
seen, but complete recovery occurred. 


CASE REPORT 


Miss M. C. (L.H. record No. 8629/53), aged 50, was 
admitted under the care of Dr. R. R. Bomford on March 
13, 1953. She was too ili to give any history, and the 
provisional diagnosis made in the receiving room was 
““bronchopneumonia and heart failure ’’. 

According to her sister-in-law, she had complained of 
epigastric pain for about two years; the pain had been 
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Fic. 119.—Chart showing pulse-rate, blood-pressure, and 
hemoglobin levels (100 per cent 14°8 g. hemoglobin per 
100 ml.). The absence of tachycardia and hypotension is 
remarkable. 





























worse for a month ; and she had had occasional vomiting, 
worse for the four days before admission. The recent 
vomits had been brownish in colour. 

When the patient recovered, she confirmed this story. 
From 1938, when her father died, until April, 1951, when 
her mother died, she used up her energy in running a 
small shop and looking after her mother. She was 
perfectly well at Christmas, 1950, and ate a normal dinner. 
The indigestion started early in 1951, when her mother 
was ill. Menstruation ceased, and she became very 
depressed. She had “ nothing to live for ”, and after her 
mother’s death she lived alone and failed to take an 
adequate diet. 

The epigastric pain came on 14-2 hours after meals 
and was relieved by aspirin or Maclean’s powder. In 
February, 1953, the pain became more severe and con- 
tinuous, and for the first time she consulted her doctor. 
She noticed that she was getting breathless on exertion, 
and for a week before admission she spent most of the day 
in bed. Whenever she got up, her ankles became 
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PAPILL@DEMA, WITH RECOVERY, FOLLOWING SEVERE 
GASTRO-INTESTINAL BLEEDING 
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swollen. 
misty and she could not see to read properly. 

When seen in the ward she was very ill, wasted, and 
disorientated. There was extreme pallor of the mucoys 


A few days before admission her vision became 


membranes and epigastric tenderness. The spleen was 
not palpable. The pupils reacted normally to light. 
The blood-pressure was 120/50 mm. Hg. The urine 
contained albumin, the quantity after boiling being 
approximately one tenth volume of the urine. The 
blood-count showed hemoglobin 13 per cent (2:0 g. per 
100 ml.; this estimation was repeated). Leucocytes 
28,500 per c.mm., with a differential count of polymorpho- 
nuclears 73 per cent, lymphocytes 20 per cent, monocytes 
5 per cent, metamyelocytes 20 per cent. Eight normo- 
blasts were seen while counting 100 white cells. The 
red cells were pale and the platelets plentiful. The 
faeces gave a positive guaiacum test. The Wassermann 
reaction was negative. The chart (Fig. 119) shows the 
course of her blood-pressure, haemoglobin level, and 
pulse-rate until the time of her operation. 

The day after admission there was a further vomit of 
about 10 oz. of fresh blood. Her confusion persisted, but 
re-examination of the nervous system showed no abnor- 
mality apart from the fundi. On dilatation of the pupils 
with homatropine, papilloedema was seen, considerable in 
the right eye and slight in the left. There were superficial 
flame-shaped hemorrhages on both sides and exudates 
on the right. 

Following transfusions her mental state improved, but 
on March 21, a week after admission, there was a further 
severe hemorrhage and an emergency Bilroth I partial 
gastrectomy was done for a giant benign gastric ulcer 
measuring 6°5§ * 4:0 cm. 

Recovery was uneventful, except that a catheter 
specimen showed a B. coli infection of the urinary tract. 
On March 23 the first painting of the fundi was made by 
Miss Archer (Fig. 120). By this time the hemorrhages 
and papilleedema had diminished. By June 12 the visual 
acuity was 6/6 in both eyes and the visual fields and blind 
spots were normal. (The visual fields and blind spots 
were plotted on both the Bjerrum screen and with the 
perimeter.) A second painting of the fundi, which were 
now normal, was made (Fig. 121). 

By July 20 the patient had gained over § st. in weight, 
despite the extensive partial gastrectomy. The catheter 
specimen of urine was now sterile and free from albumin. 


DISCUSSION 


The diagnosis was obscured in the first instance 
by the inability of the patient to give a history, the 
albuminuria, and the cedema. Later, these findings 
were explained. The mental confusion was presum- 
ably due to the cerebral anoxia. The albuminuria 
was mainly due to the urinary tract infection, prob- 
ably precipitated by her illness. The oedema was 
due to the anemia and malnutrition. After opera- 
tion, and with the improvement in her general 
health, both the albuminuria and cedema disappeared. 

There is no reason to suppose that a nephritis 
was responsible for the condition of the fund. 
The distribution of the cedema was unlike that of 
an acute nephritis ; there was never, before or after 
operation, any hypertension; and the absence o 















album 
possib 


~ame 


and 
COus 
Was 
ight. 
rine 
eing 
The 

per 
‘ytes 
Yho- 
ytes 
mo- 
The 
The 
ann 

the 
and 


t of 
but 
\or- 
Dils 
» in 
cial 
ites 


rer 
‘ial 
cer 


ter 
ct. 
by 
eS 
1al 
nd 
ts 


he 


it, 
er 





BLINDNESS 


albumin from the urine after operation rules out the 
possibility of chronic nephritis. The paintings show 


L 
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the correction of the blood-volume ; there was little 
improvement in the state of nutrition, especially as 


R 


F1G. 120.—The optic fundus on March 23, 1953, 36 hours after operation and 8 days after the condition was most marked. 





L 


R 


F1G. 121.—The normal optic fundus on June 12, three months after operation. 


that the vessels of the fundi are healthy for a person 
of her age. 

The history of dyspnoea and cedema of the ankles, 
as well as the appearance of the blood-film, suggest 
that the anemia has been present for some time 
before the eventual collapse. Serious damage to the 
fundus seems to occur only in such long-standing 
cases. So far as I know, blindness was not a com- 
plication of severe hemorrhage from war wounds 
in a previously fit subject. 

The fundi appeared normal within two or three 
weeks of admission. This period coincided with 





during this time she had a partial gastrectomy. It 
seems, therefore, that the anemia was the more 
important of these two factors. 


I wish to thank Miss Patricia Archer for the 
paintings and chart. This case is also being reported 
as Case 10 in an article, “Giant Lesser Curve 
Gastric Ulcers,” to be published in The Lancet. 





REFERENCE 
FRANKLEN-Evans, I. J. (1931), Lancet, 1, 1057. 

















THE BRITISH 


REVIEWS AND 





JOURNAL OF 


NOTICES OF BOOKS 


SURGERY 














Surgical Pathology. By PrETerR A. HeErsut, M.D., 
Professor of Pathology, Jefferson Medical College, 
etc. Second Edition. 6 x gin. Pp. 893, with 
528 illustrations. 1954. London: Henry Kimpton. 
10§s. 


THE second edition of this work on surgical pathology 
contains a large number of new illustrations and several 
new topics have been added together with two new 
chapters. 

In any book on surgical pathology it is essential that 
the macroscopic and microscopic pictures of tumours 
should be clear and well produced. Professor Herbut 
has some §28 illustrations in his new edition, most of 
which are excellent. The book is written in a clear and 
lucid style and is admirably suited both for the under- 
graduate and post-graduate student. 























































































































Text-book of Orthopedic Medicine. By JAMEs 
Cyriax, M.D., B.Ch. (Cantab.), Physician to the 
Department of Physical Medicine, St. Thomas’s 
Hospital, London. Volume I, Diagnosis of Soft 
Tissue Lesions. Second edition, being a _ revised 
edition of Rheumatism and Soft Tissue Injuries. 
54 x 84 in. Pp. 690, with 36 plates. 1954. 
London: Cassell and Co. Ltd. 4§s. 

THIS book attempts to give another approach to the 

diagnosis of soft-tissue lesions in the body, and the 

author has been quite successful. The success is due 
to the fact that the diagnostic system is based wholly on 
clinical examination and not by one of the numerous 

** so-called ” diagnostic aids which are so commonly 

seen to-day. 

Manipulative treatment is given its proper place and 
massage is not advised unless it is absolutely necessary. 
The lay public still consider that massage is the key to 
all their ills in this mechanical and traumatic age. 

An excellent book for the student and practitioner 
alike. 




















































































































Recent Advances in Surgery. Edited by HAROLD C. 














Epwarps, C.B.E., M.S., F.R.C.S., Surgeon and 
Lecturer in Surgery, King’s College Hospital, 
London. With a Foreword by Maj.-Gen. Sir 











HENEAGE OGILviE, K.B.E. Fourth edition. 5] 
8 in. Pp. 480 +- xiv, with 157 illustrations. 1954. 
London: J. & A. Churchill Ltd. 4as. 


THE new fourth edition of this volume is edited by 
Harold Edwards, who has collected around him some of 
his colleagues from King’s College Hospital, together 
with Atkins, Cade, Keynes, Northfield, Rob, Robinson, 
Holmes Sellors, Tanner, Milnes Walker, Wallace, and 
Wilkinson. This is a strong team of experts who have 
performed their task well. 

The book is now divided into some ten parts, which 
cover all the various branches of surgery. It should 
prove of real value not only to the senior graduate who is 
studying for higher degrees or diplomas, but also for the 
busy surgeon in the Health Service who wishes to keep 
up to date and has neither the time nor opportunity to 
go to Medical Societies to take part in discussions on 
surgical treatment. 

Mr. Edwards is to be congratulated on his editing of 
one of the essential books on British surgery to-day. 








































































































Ulcerative Colitis and its Surgical Treatment. By 
BRYAN N. BROooKE, M.Chir., F.R.C.S., Reader in 
Surgery, University of Birmingham; etc. With a 
Foreword by F. A. R. Stammers, C.B.E., T.D., B.Sc., 


























Ch.M., F.R.C.S., Professor of Surgery, Univer ity of 
Birmingham. 6} x 9} in. Pp. 147 X, with & 
illustrations. 1954. Edinburgh: E.& S. Livingstone 
Ltd. 37s. 6d. 


Mr. BRYAN BROOKE has written a valuable practical guide 
to the surgical treatment of ulcerative colitis, a disease 
which he has studied intensively for several years, and 
in the treatment of which he has enjoyed the advantage 
of collaborating with Professor T. L. Hardy, to whom 
he pays full tribute. The work is clearly set out and 
beautifully and profusely illustrated, and surgeon or 
student alike may readily find in it the help he needs jn 
solving his own particular difficulties. 

One of the outstanding features of the book is the 
classification of the morbid anatomy of the disease and 
the distinction which Mr. Brooke draws between ileo- 
colitis and the other more generally recognized forms 
from which it differs in prognosis and in its response to 
treatment. 

The clinical features are well described, with frequent 
references to illustrative cases, and the indications for 
operation are thoroughly discussed. The most striking 
portion of the work, however, is that which deals with 
the technique of the operative treatment, for here the 
practical details of the various operations and the descrip- 
tion of the methods of dealing with the many complica- 
tions of the operations as well as of the disease are of the 
greatest possible value. 

The only weak section of the whole work is inevitably 
that which deals with the nature and causation of ulcera- 
tive colitis, and it must be confessed that in comparison 
with the forthright style of the rest of the book this 
portion is all the more unconvincing. It is obvious that 
even the experts are groping for the real causative factors, 
and as this is so obvious it is hard to accept the statement 
that the surgical treatment of ulcerative colitis has come 
to stay. This book shows clearly how valuable surgery 
may be in the most desperate cases and that it may in 
fact be the only means of saving a patient’s life ; but 
surely surgery will stay only till the cause of the disease 
~ discovered and treatment can be worked out on rational 
ines. 





The Thyroid. A Physiological, Pathological, Clinical, 
and Surgical Study. By T. Levitt, M.A., F.R.C.S. 
(Eng.), F.R.C.S. (Edin.), F.R.C.S.S., Hunterian 
Professor of the Royal College of Surgeons of 
England; Lecturer in Surgery to the Fellow- 
ship of Post-graduate Medicine at the New End 


Hospital, Hampstead, London. 7} 9} in. Pp. 
606 xxiv, with §02 illustrations, some coloured. 
1954. Edinburgh: E. & S. Livingstone Ltd. 
105s. 


Tuis large and profusely illustrated volume on the thyroid 
gland is dedicated to Geoffrey Keynes and John Piercy, 
and is probably the most comprehensive book on the 
thyroid that has so far appeared. 

The author’s clinical background of some twenty-six 
years of study of the thyroid gland is manifested in the 
clear and iucid descriptions of the various thyroid con- 
ditions. One of the main features of the book is the 
abundance of excellent illustrations, many of them 
coloured. The photomicrographs are excellent and 
could not be bettered. 

Levitt has certainly improved our knowledge of the 
study of the toxic thyroid gland and his six progressive 
phases of toxicity are very constructive and original. 
The surgical treatment of thyroid condition is described 
in detail, and this is one of the best descriptions that we 
have read so far. 
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REVIEWS AND NOTICES OF BOOKS 


We predict that this book will prove the guide and 
philosopher and friend to all who are interested in 
diseases Of the thyroid gland ; it will become the refer- 
ence volume for many years. 





Arthur Rendle Short, Surgeon and Christian. By 
W. M. Capper and D. JOHNSON. Pp. 208. 1954. 
London: Intervarsity Fellowship. 8s. 6d. 


Tuis is a very interesting biography of a well-known 
Bristol surgeon, and it is written by two medical men 
who knew Rendle Short intimately. The book not only 
ives uS an interesting account of Rendle Short but also 
of the earlier history of the Bristol hospitals and the 
commencement of the Bristol Medical School. 

Short had a brilliant undergraduate career, obtaining 
no less than four gold medals, which must be a record. 
He was appointed to the staff of the Bristol Royal 
Infirmary in his early thirties, and his publications in 
physiology and surgery were numerous. His book, 
A Synopsis of Physiology, first published in 1927, went 
through many editions. He was Joint Editor of the 
Medical Annual from 1919 to 1953. 

Rendle Short also had many religious publications to 
his credit and many of these saw several editions. 

His lectures to students were clear, concise, and 
stimulating, given in his Bristol accent, which the medical 
students did not forget, for in their magazine appeared :— 


** There was a great surgeon called Short 
Who classified all that he tort, 
His classification embraced all creation 
For he tort all he thort that he ort.” 


Professor Rendle Short also had many interests ovt- 
side the medical world. He was not only an outstanding 
surgeon, but also an outstanding Christian. Working 
men as well as university students benefited from his 
teaching and advice. 

This book is an inspiring one and will interest many 
who never met Short. 





Oral and Dental Diseases. By Hupert H. STONES, 
M.D., M.D.S., F.D.S. R.C.S., Professor of Dental 
Surgery and Director of Dental Education, University 
of Liverpool, etc. Third edition. 64 « 94 in. 
Pp. 1019 + xix, with 9§9 illustrations, 91 in colour. 
1954. Edinburgh: E. & S. Livingstone Ltd. £5. 


THE popularity and usefulness of this work can be esti- 
mated when it is considered that the second edition 
was sold out in two years. We have nothing but praise 
for this large and important volume, for it is the first 
book ever produced on oral and dental diseases. It will 
maintain its place for many years to come as a reference 
volume for students, general practitioners, dental surgeons, 
and consultants alike. 





Roentgen-diagnostics. By 


H. R. Scuinz, W. E. 
BANSCH, E. Friept, and E. UEHLINGER. First 
American edition, based on the fifth German edition. 
English translation arranged and edited by JAMEs T. 
Case, M.D., D.M.R.E., Professor Radiology Emeritus, 
Northwestern University Medical School, Chicago. 
Volume III, Thorax. 7% * 1rogin. Pp. 2001-3115, 
with illustrations Figs. 2677-3761. 1954. London: 
William Heinemann (Medical Books) Ltd. £15. 


FESSOR CASE has performed a great service to British 
ology in editing the English translation of this 
‘clopedic work. The radiographs which illustrate 
volume are numerous and are all of excellent quality. 
mgst the subjects discussed and illustrated are 
iscases of the trachea, asthma, emphysema, circulatory 
‘‘urbances, inhalation injuries, the pneumoconioses, 
umonia, tuberculosis, tumours, rare diseases like 


II! 


streptothricosis, toxoplasmosis, and diseases of the pleura 
and mediastinum. Over 300 pages are devoted to diseases 
of the heart, pericardium, and great vessels. 

This massive volume will be of great value for reference 
purposes and will be used by physician and surgeon alike 
as well as experts in special fields of medicine and surgery. 

The bibliographical references cover in an excellent 
manner all recent British and American literature as well 
as German. 

An excellent production. 





Neurosurgery of Infancy and Childhood. By FRANC 
D. INGRAHAM, M.D., Associate Professor of Surgery, 
Harvard Medical School; Neurosurgeon-in-Chief, 
Children’s Medical Center; Neurological Surgeon, 
Peter Bent Brigham Hospital, Boston, Mass.; and 
DoNnALD D. Matson, M.D., Assistant Professor of 
Surgery, Harvard Medical School; Neurosurgeon, 
Children’s Medical Center; Senior Associate in 
Neurological Surgery, Peter Bent Brigham Hospital, 
Boston, Mass. 7 * 10 in. Pp. 456 + xviii, with 
381 illustrations. 1954. Springfield, Ill. : Charles C. 
Thomas. (Oxford: Blackwell Scientific Publica- 
tions.) 107s. 6d. 


NEUROSURGERY in infancy covers a wide range and every 
decade produces new methods of treatment and new 
techniques. The authors of this large and beautifully 
illustrated volume have over twenty years of clinical 
experience of this field of surgery to draw upon. Par- 
ticular attention is directed to those congenital anomalies 
which are subject to surgical intervention: spina bifida, 
cranium bifidum, diastematomyelia, congenital dermal 
sinuses, craniosynostosis, and congenital vascular mal- 
formations. 

The subject of hydrocephalus is discussed in detail, 
and the pros and cons of the various surgical procedures 
which are advocated in different clinics are evaluated. 

The various tumours of the brain and spinal cord are 
well described and illustrated and the details of certain 
clinical cases are included. 

One of the best features of this volume is the excellence 
of the illustrations, which are truly very good indeed. 
The clinical photographs, the pathological specimens, 
and the photomicrographs maintain the same high 
standard. The work comprises the experience of the 
neurosurgical service of The Children’s Medical Center 
at Boston and will become the reference volume for 
many years to come. 





Cardiovascular Surgery. By GERALD H. Pratt, 
M.D., F.A.C.S., Associate Clinical Professor of 
Surge y, New York University College of Medicine. 
6 < 94 in. Pp. 843, with 261 illustrations. 1954. 
London: Henry Kimpton. 110s. 


OF all the various branches of surgery, probably that 
devoted to vascular surgery has made the biggest strides 
during the last decade. Hence it is that a large volume 
devoted entirely to vascular surgery is not out of place. 

Professor Pratt has written a very lucid and inter- 
esting volume on cardiovascular surgery and has given a 
comprehensive survey of this branch of surgery. 

The Second World War opened up fresh avenues for 
vascular surgery and the incidence of gangrene following 
ligature of large arteries was considerably reduced. 

In the present industrial and mechanical age traumatic 
injuries to arteries are all too common, and it behoves 
the modern surgeon to be au fait with surgical repair of 
arterial laceration. Perhaps this is the best section of 
this volume, for the author has given excellent advice 
on this subject and the uses of autografts and homo- 
grafts are stressed. 

The various tumours of blood-vessels are described 
in a very practical and interesting way. 
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The problems of venous clotting and antithrombotic 
therapy are discussed in a masterly manner and the 
reader is given sound advice as to the drugs which may 
be used. 

This book will take its place as the reference volume 
on cardiovascular surgery for several years to come. 





Preservation and Transplantation of Normal 
Tissues. A Ciba Foundation Symposium. Edited 
by G. E. W. WoLSTENHOLME, O.B.E., M.A., M.B., 
B.Ch., and MARGARET P. CAMERON, M.A., A.B.L.S., 
assisted by JOAN ETHERINGTON. §4 x 8 in. Pp. 
236 + xii, with §5 illustrations, mostly as plates. 
1954. London: J. & A. Churchill Ltd. 26s. 

THIS is one of the Ciba Foundation Symposia and it 

contains much which will interest surgeons. It contains 
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the papers which were read and discussed at th> Sym. 
posium on the Preservation of Normal Tissies fo 
Transplantation, March 16-18, 1953. 

Tissue transplantation and its general surgica: prob. 
lems ; long-term, large-scale tissue culture; trang. 
plantation of preserved non-viable tissues ; the storage 
and homografting of endocrine tissues—these arc some 
of the subjects which are discussed in this book. Per. 
haps the most interesting subject is the transplantation 
of blood-vessels, which is fully described and discussed, 
Corneal grafting almost seems out of date compared 
with the grafting of the aorta. 

This symposium will prove of real value to the 
surgeon, physiologist, pathologist, and the modem 
clinician. As a quick reference volume it is excellent, 
as the references at the end of each chapter are complete 
and up to date. 
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NOTICES 


[The Editorial Committee acknowledge with thanks the receipt of the following volumes. 


A selection 


will be made from these for review, precedence being given to new books and to those having the 


greatest interest to our readers.] 





Der Herzkatheterismus bei angeborenen und 
erworbenen Herzfehlern. By Prof. Dr. Otto 
BAYER, Dr. FRANZ LOOGEN, and Dr. HANS HELMUT 
WOLTER, Diisseldorf. With a Foreword by Prof. Dr. 
ERICH BODEN, Diisseldorf. 62 « 94 in. Pp. 191 
xii, with 131 illustrations. 1954. Stuttgart: Georg 
Thieme. DM. 36. 


Operationen am Oecesophagus. 
NISSEN, Basel. 7} >» 
143 illustrations. 
DM. 72. 


Surgical Forum. Proceedings of the Forum 
Sessions Thirty-ninth Clinical Congress of the 
American College of Surgeons, Chicago, Illinois, 
October, 1953. By various authors. 6 * 9} in. 
Pp. 752 + xxxvii, illustrated. 1954. London: W. B. 
Saunders Co. 50s. 


By Prof. Dr. R. 
Ir in. Pp. 161 + viii, with 
1954. Stuttgart: Georg Thieme. 


Die Narkose. Ein Lehr- und Handbuch. Edited by 
Prof. Dr. H. KILLIAN and Prof. Dr. H. WéEese. 
With the co-operation of Dr. W. IRMER and Dr, 
F. H. Koss, and the assistance of Prof. Dr. F. Hany, 
Doz. Dr. W. RUMMEL, and Dr. R. VORMANN. 7 » 
10} in. Pp. 1003 + xxviii, with 412 illustrations, 
1954. Stuttgart: Georg Thieme. DM. 170. 


Einrichtung und Arbeitsweise einer Blutbank. By 
Dr. W. HeEIM, Berlin, and Dr. P. DAHR, Géttingen. 
5i x 8 in. Pp. 328 + viii, with 36 illustrations. 
1954. Stuttgart: Georg Thieme. DM. 33. 


Spinal Epidural Analgesia. By P. R. BRomaag, 
M.B., B.S. (Lond.), F.F.A.R.C.S., D.A., Consulting 
Anesthetist, Chichester Hospitals Group; etc. 
54 < 84 in. Pp. 123 + viii, with 41 illustrations. 
1954. Edinburgh: E. & S. Livingstone. 16s. 





